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ABSTRACT 


Alpine macrolichen vegetation was examined in west 
central Alberta*and north central’ Yukon Territory?in®1975 
and 1976. Major objectives were to: (1) determine species 
richness (S), evenness (J), diversity (H') and cover; (2) 
examine habitat factors in relation to vegetation; (3) de- 
scribe and compare communities; (4) evaluate community dis- 
tribution; and (5) compare macrolichen and vascular plant 
communities. Study areas included Prospect Mountain and the 
Divide in the Mountain Park region, Alberta, and the Nahoni 
Range and Ogilvie Mountains in the Yukon. All areas were 
characterized by patterned ground, and comparable acidic and 
basic substrates were sampled in each region. In each of 
42 stands (30 x 5m), macrolichen cover was estimated on dif- 
ferent substrates within stratified random quacrats (10 x 
40cm). 

Macrolichen vegetation in the four study areas was 
most similar on an intraregional basis. In the northern 
(Yukon) region there was increased macrolichen cover, S, and 
H'. In contrast, J values were not Significantly different 
between areas or regions, but varied with moisture regime. 
Lowest evenness occurred in mesic-wet sites and in dry 
species-poor stands while highest evenness was associated 
with well-veagetated upland sites. 

Bray-Curtis and reciprocal averaging ordinations were 
used to elucidate relationships of vegetation to complex- 


gradients of moisture and substrate pH in each region. 
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Separate communities were delineated for vascular plants 

and macrolichens along these environmental gradients. The 
two tvpes of plant communities exhibited vartial correspon- 
dence in Alberta, and were closely correlated in the Yukon 
region. All macrolichen communities were comparable to vege- 
tation reported in other studies, on a regional basis. 

The relationshivs of environmental factors to indivi- 
dual macrolichen species were examined in each region with 
population response patterns. There were six ecological 
groups of species in each reaqion which were associated with 
Substrate pH. Comparisons between response patterns showed 
that the breadth of distribution for most species shifted on 
an interregional basis, corresponding partly to the predomi- 
nance of dry, basic sites in the Alberta study areas. Macro- 
lichen species generally showed a low degree of restriction 
to either acidic or basic sites but many were quantitatively 
more important on one substrate pH type than the other. Epi- 
phytic species and those with broad ecological amplitude 
appeared to respond more to other microhabitat features such 
as substrate moisture than to substrate DH. 

Similarly, distribution of communities corresponded to 
distribution of basic or acidic substrate, or to specific 
moisture reqime. Thus, glaciation history is not a major 
factor responsible for present alpine macrolichen vegetation. 
Distribution elements in the macrolichen flora substantiate 
the fact that widespread dispersal has occurred in alpine 


areas of the Canadian Cordillera. Regional differences in 
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macrolichen importance and species richness may reflect 
limited southward post-glacial dispersal, although it is 
Suggested that climatic factors in the southern region may 
be limiting to northern populations. 

The correspondence of macrolichens and vascular plant 
communities to environmental factors from regions in the pre- 
sent study are considered to be adequate for predicting vege- 
tation within the uninvestigated, intermediate Cordilleran 


alpine areas. 
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INTRODUCTION 


The emphasis of lichen ecology in North America was ini- 
tially on the distribution and abundance of temperate forest 
epiphytes (Culberson 1955a, 1955b, Hale 1955,) Beals 1965, 
Hale 1965), and terricolous svecies. (Cooke 1955, Gorham 1957, 
Davis 1964, Looman 1964a, 1964b). Subsequent lichen vegeta- 
tion studies have included saxicolous (Foote 1966, Yarranton 
WIG peoeOteler 19/6) Sanasterricolous species. (Fraser 1965, 
Lambert and Maycock 1968, Lechowicz and Adams 1974a, Wein and 
Speer 1975). Extensive literature has appeared on forest 
epivhytes due to the use of these lichens in air pollution 
studies. In contrast, vegetation studies of terricolous and 
saxicolous lichens are poorly represented, with few from 
high elevations and latitudes. 

The distribution and abundance of terricolous lichen 
vegetation in alpine areas of North America presents a series 
of challenges to the ecologist. Many studies of alpine vas- 
cular plant vegetation are available, yet most of these in- 
clude only conspicuous lichens or omit them due to taxonomic 
di -ficwliicc ee eAcwaaresult, alpine lichen svegetation: 1s rep= 
resented primarily by a limited number of floristic cr qual- 
itative vegetation studies. The situation is further com- 
pounded by poor access to many alpine regions, especially 
those in the northern Canadian Cordillera. 


Alpine vascular plant communities have been described 
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from the southern Canadian Rocky Mountains bv Beder (1967), 
Byvanc@aideoCicinneruqucls/0), hady (lo7)) 7 TrOterTere (1072 )i- 
Broad (1973), and Kuchar (1973). Further north in Jasper 
National Park, alpine vegetation studies have been conducted 
by Hrapko (1970) and Kuchar (1975). “These studies all’ have 
some qualitative or quantitative lichen data for the promi- 
nent species, but the degree of resolution is highlv variable. 

Few investicgations of alpine vegetation have been car- 
ried out further north in the Cordillera. Ricker (1967) and 
Kojima (1973) have both described plant associations in the 
North Klondike River Valley in the Ogilvie Mountains, Yukon 
Territorv. Neither studv, however, includes comprehensive 
lichen vegetation data. An extensive amount of quantitative 
data has been obtained for lichens and vascular plants in 
mountains of the Yukon and Northwest Territories (Bird 1974a, 
1974b), although vegetation analvses are lacking. 

Alpine lichen vegetation is therefore only locally docu- 
mented in the Canadian Cordillera, and is largely unknown in 
this mountain system as a whole. For these reasons, the pre- 
sent study was initiated to provide information on alpine 
lichen vegetation in west central Alberta and north central Yukon 
regions of the Cordillera. The objectives of this study were 
specifically to: 

(1) determine trends and relationshivs in macrolichen 

species richness, evenness, diversity, and cover; 


(2) examine the relationship of habitat factors (moisture, 
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substrate) with species, and with vegetation; 

(3) describe and compare macrolichen communities; 

(4) evaluate the effect of glaciation and substrate on 

vegetation distribution; and 

(5) compare macrolichen and vascular plant communities. 

It was deemed necessary to omit crustose lichens, or 
microlichens, from this project due partially to the difficul- 
ty or impossibility of field identifications. Therefore the 
major focus of the study is macrolichens, or the foliose and 
fruticose forms. This definition follows the use of the term 
by Lindsay (1975, 1976 pers. comm.). 

The major reason for concentrating on macrolichens is 
that these lichens can become large enough to occupy consider- 
able space in a habitat, which can then be measured as cover, 
or biomass (e.g. Wein and Speer 1975). They also are more 
comparable in size to vascular plants and are thus more 
likely to be affected py similar habitat factors than are 
Microlichens. Macrolichen vegetation is emphasized in this 
study in recognition of the fact that the lack of previous 
detailed alpine studies is due partially to taxonomic diffi- 
culties. Looman (1964a) also has delineated lichen communi- 
ties, and summarizes the rationale for this by stating: 

My treatment of the cryptogams as separate commun- 

ities does, therefore, not imply recognition of 

these communities as independent entities; it 


merely recognizes the practical difficulties of 
identification. 
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Pes matorspeneti teofethesdescriptions of macrolichen vegeta— 
tion in the present studv is the provision of a basis of 


comparison for further related investigations. 


STUDY AREAS 


Study areas were located in two major mountainous 
regions of west central Alberta and north central Yukon, 
Canada (Fig. 1). The Alberta areas are within the Nika- 
nassin Range (52050!N; 117920'W) in the vicinity of the 
abandoned town of Mountain Park. The Yukon region includes 
an area in the Nahoni Range (65°36'N; 136°41'W) and another 
in the Ogilvie Mountains (64°918'N; 137921'W). All areas 
have extensive alpine slopes on parent material of sedimen- 


tary Origine 


Mountain Park Region, Alberta 

Peaks of the Nikanassin Range rise to 2743 m at Pros- 
pect Mountain, and include Cheviot (2720 m) and Tripoli 
(2630 m) Mountains (Fig. 2). The study area is restricted 
to the eastern range slopes, extending south and east over 
the divide between the Cardinal and McLeod River systems. 
The Mountain Park region is presently designated as Reserved 
Crown Land, and is being reviewed for reclassification as a 
Permanent Ecological Reserve. Geology and floristics of 
the area have been initially described by Packer and Vitt 
(1974). 

Access to the region is by the Grave Flats Road, south 
from Cadomin. An abandoned mining road extends west from 
the main road, along Prospect Creek and up onto the lower 


ridges (2042 m) of Prospect Mountain. The Grave Flats Road 
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FIGURE 1. Location of Nahoni, Ogilvie, and Mountain Park 
sites in Yukon and Alberta regions, respectively. 
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FIGURE 2. Location of stands on Prospect Mountain and the 
Cardinal River Divide in the Mountain Park region, 
Alberta. 


continues southeast to the broad pass on the river divide at 
1987. m.. Known as the Divide, this, ridge Slopes north and 
east from the road and gradually reaches an elevation of 
Z1490m. 

oa espatsProspects(Mountain) gandsthe  Divadesd Eagan) 
represent the elevation range of alpine vegetation at these 


study areas. 


Geology 
Prospect Mountain 

The Nikanassin Range marks the beginning of the Front 
Ranges of the Rocky Mountain Area in the Eastern Cordilleran 
System (Bostock 1970). The McConnell Fault separates the 
Front Ranges from the Foothills Area to the east (Mountjoy 
1962, Stott 1963). Although this fault is situated above 
the west side of the Prospect Mountain study area, the Al- 
berta sites are here considered within the Front Ranges due 
to the presence of the small Redcap Mountain group east of 
PEOspecu. 

In the Prospect Mountain study area the bedrock is 
mainly composed of limestones, shales, sandstones and dolo- 
mite. The lower alpine and upper subalpine are underlain 
by Lower Cretaceous sandstone, shale and commercial coal 
beds of the Luscar Formation (Mellon 1966). 

The Mountain Park Formation extends upslope on the 
southeast ridges of the study area adjoining the Luscar 


Formation. It is also of Lower Cretaceous origin and 
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consists of shales and sandstones. The contact of the two 
formations is obscured by their similarity (Mountjoy 1962) 
and by colluvial materials derived largely from the steep 
Paleozoic peaks above the study area. 

The Nikanassin Formation of Jurassic sandstones and 
shales is found above the Luscar Formation (Kryczka 1959). 
The top of this formation is separated from the uppermost 
Paleozoic rocks by the McConnell Fault. These highest for- 
mations include Devonian limestones, calcareous shales and 
dolomites (MacKay 1929). 

Upper slopes within the study area are characterized 
by a major syncline and heavily faulted zones. 

Such complexes, in combination with mass wasting and peri- 
glacial processes have produced several different types of 
substrate and drainage patterns throughout the study area. 

Drainage in the Prospect area is northeast towards 
Prospect Creek which subsequently flows into the McLeod 
River. The west side of Prospect is drained by the head- 


WateLrestreams Of the Cardinal River. 


Divide 

The Cardinal-McLeod River Divide is composed of two 
distinct Upper Cretaceous marine shale and sandstone forma- 
tions which are approximately separated by the Grave Flats 
Road. Cardium sandstone borders the Wapiabi shale along 
the road. Both are included in the Alberta Group, as is 


the Blackstone Formation (Stott 1963, 1966). Blackstone 
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shale is found south of the others, where it borders the 
Devonian limestones and dolomites of Tripoli Mountain 
(MacKay 1929). 

The syncline core region on Prospect Mountain continues 
east onto the flat sandstone limb on the Divide. The Wa- 
piabi shale south of the Grave Flats road represents the 


associated overturned ssections a (W. skitby,,. soers sacomm &s)i- 


Glacial History 

The foothills and Front Ranges of the Rocky Mountains 
were glaciated in early Wisconsin time (>35,000 years B.P.). 
Erratics have been found throughout these areas at more than 
2400 m (Bayrock and Reimchen 1975). During the Wisconsin, 
large regions of the foothills were not glaciated, or were 
CUlLymloOca WlVvaG lactated s, =. OsLDemnortn Of tne Study sarea; 
early Wisconsin or Illinoian Cordilleran ice flowed north- 
ward in the Athabasca River Valley and coalesced with the 
main Laurentide ice outside the foothills (Roed 1968). 
Reeves (1973) postulates that this represents one of the 
few Cordilleran-Laurentide contacts in the otherwise ice- 
free corridor in the western plains of Alberta. He depicts 
this corridor as largely continuous into the unglaciated 
Yukon region during the early Wisconsin or late Illinoian 
(755,000 years B.P.). The maximum ice fronts in classical 
Wisconsin times were less extensive, allowing an even wider 
corridor (Reeves 1973). 


In late Wisconsin times, Laurentide and Cordilleran 
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ice *masses' wére in contact south of the study area in the 
Rocky Mountain House region (Boydell 1972). Recent geo- 
logical evidence suggests that the major river valleys from 
the Athabasca to the Bow River were glaciated during the 
Wesconstn (lV. SHuEls) =perse Comms jis -eby elo, O00 evearsue.P. 
southern Alberta and southwestern Saskatchewan were ice- 
free. Many mountain valleys were deglaciated by 10,500 
years B.P. (Reeves 1973). 

Bayrock (1969) indicates that the land from Montana 
into Alberta, Northwest Territories, northern Alaska and 
the Bering Strait was an available migration route to 
Asia during Nebraskan and Kansan times. He states that the 
first glaciation of the eastern Alberta region was in the 
early Wisconsin, possibly back into Illinoian time. There- 
fore, the Wisconsin is presumed to be the only time period 
in which the Laurentide and Cordilleran ice masses were in 
close proximity. The corridor between them is known to 
have been closed only in a few localities. In pre- 
Wisconsin times Cordilleran glacier ice extensively 
covered Ghevroothrliise(Bayrock PIGIPERwIhe existence or 
extent of contemporaneous Laurentide ice in Alberta is not 


known. 


Patterned Ground 
Prospect Mountain has steep rocky slopes with few 
signs of recent glacial activity. Level ridge-top areas 


are infrequently found. The slopes exhibit periglacial 
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patterned ground features, indicating intensive frost 
action (Washburn 1973). 

The most common patterned ground features are non- 
sorted stone stripes, which are separated by vegetation 
Stripes. The relative size of vegetation versus stone 
stripes is quite variable, and appears to be a function of 
Slope steepness and stability. Steeper slopes have small 
vegetated stripes, and these dwindle to small islands or 
spotted tundra (Bamberg and Major 1968) in the more un- 
stable areas. 

On wetter and gentler slopes the patterned features 
include steps and small gelifluction lobes. Relatively 
level areas support continuous vegetation or nonsorted 
stone circles. 

Patterned grounc. features are characteristic of 
almost every Prospect stand, and the resulting micro- 
patterns necessitated substrate stratification in the 
sampling design. 

The Divide area is gently sloping with fewer pat- 
terned ground features than the slopes at Prospect Moun- 
tain. Nonsorted circles and stripes are most common. 
Frost shattering has formed a ridge-top sandstone fell- 


field in which patterned features were absent. 


Soils 
In Alberta, descriptive alpine soil studies have been 


carried out at Snow Creek Valley (Baptie 1968), Sunshine 
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(Knapik et al. 1973), and the Maligne Range (Hrapko 1970, 
Kuchar 1975). Both Jasper and Banff National Parks also 
have biophysical studies in progress which include alpine 
areas” (fy"Corns;-pers.——comm..).. 

Alpine soils in the Mountain Park region have developed 
from colluvial parent materials influenced by frost action. 
Permanrostmmay exist ratathis Tatitude in mountainssorls 
above 1440 m (Brown 1967), although it has not been observ- 
equein the study areas. SoilS on the Divide have not been 
described, and those on Prospect Mountain are currently 


under study (P. Mortimer, pers. comm.). 


Climate 

The climate of west central Alberta is Subarctic or 
Cold Snowy Forest (Dfc) in the Koppen classification system 
(Longley 1970,*Root 1976). Powell and Maciver™(1976)—have 
analyzed weather records from this general region (Table 
1). They have also summarized data for Grave Flats Lookout 
(52°51'N; 117°900'W at 2074m) which is the nearest comparable 
summer meteorological station to the study area (Table l). 
This station and the study area are included in a High Ele- 
vation Mountain Area macroclimate designation which extends 
north and south of the Athabasca River (Powell and MacIver 
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Vegetation 


Extensive alpine slopes are found on Prospect Mountain 
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TABLE 1. Meteorological summaries for west central Alberta 
and Grave Flats Lookout, Alberta, May-September 
1969-1970 (Powell and MacIver 1976). 


West-central Alberta 


Rainfall mm 


July LOC i330 
June 7 O15) 0 
August 7 OO) 
May 70 
September 70 


Grave Flats Lookout 


TOta LeDrecipitacion 
465 


Highest mean daily temperature ©C 
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Mean daily temperature 
5.9 


Days above -2.20 
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between 1980 and 2134 m. The lower elevation represents 
the approximate limit of upright and krummholz tree growth, 
with some small patches of prostrate trees extending above 
on south-facing slopes. 

Subalpine forests in this area are characterized by 
Abies lasiocarpa and Picea engelmanii. Tree limit is 
marked by a relatively sharp boundary of A. lasiocarpa on 
Prospect Mountain, with very little expression of ribbon 
forest. The forests below the upper subalpine areas are 
not extensive because a fire consumed most of the Prospect 
Valley vegetation in 1915 (G.F. Tande, pers. comm.). Re- 
vegetation has been slow, and is dominated by Pinus con=-— 
torta. 

Mesic and wet slopes in the lower alpine are character- 
ized by shrub and herb meadows with Aconitum delphinifolium, 
Castellejasminiata simediculastsibracteosa, sa lixivesti tay, 
Trollius albiflorus, and Zygadenus elegans. Other lower al- 
pine slopes exhibit abundant growth of Arctostaphylos rubra 
and Betula glandulosa. 

The dominant plant species on middle alpine slopes is 
Dryas integrifolia. Other frequent plants of lower cover 
are Polygonum viviparum and Salix nivalis. Conspicuous 
herbs include Androsace chamaejasme, Erigeron grandiflorus, 
Hedysarum alpinum, H. mackenzii, Myosotis alpestris, Oxy-~ 
tropis campestris, O. podocarnpa, Pedicularis lanata, Poten- 


tilla nivea, Saxifraga oppositifolia, and Silene acaulis. 
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Upper alpine areas are very low in species richness. 
Melandrium apetalum, Minuartia austromontana and Saxafraga 
oppositifolia are found in the highest vegetated rocky 
slopes. 

The snowbed habitat is very infrequent and is spatially 
restricted to small slope base areas. Characteristic species 
are Cassiope tetragona, Phyllodoce glandulifera and Dryas 
octopetala. Lichens are a minimal component of this vegeta- 
ETOH 

The gentle slopes of the Divide area exhibit an exten- 
Sive alpine meadow - subalpine forest mosaic, which grades 
into dry, low alpine slopes. Alpine vegetation forms a 
narrow band barely above the krummholz of Abies lasiocarpa. 
Dryas integrifolia is the dominant alpine species, occur- 
ring with Polygonum viviparum and Salix nivalis. Other 
important species include Hedysarum alpinum, Kobresia bell- 
ardil ,meediculvaris® capitata, —Potentillar diversi tolia,  Saxi- 
fraga tricuspidata, Solidago multiradiata, Stellaria monan- 
tha, and Zygadenus elegans. 

As on Prospect, late snowmelt areas are poorly repre- 
sented. Species in such habitats sgees niet: Antennaria lanata, 


Cassiope tetragona, Dryas octopetala, Phyllodoce glanduli- 


fera, and Sibbaldia procumbens. 
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Yukon 

The northern study area is in the Nahoni Range, which 
consists of a low mountain series ranging in elevation from 
900 to 1524 m. The study area includes the northern flanks 
of Brimston Mountain, and covers the elevation range of al- 
pine vegetation on these slopes. Stands are also located 
on the slopes of unnamed ridges north of Brimston Mountain, 
with two sites in between the stand groups (Fig. 3). 

The study area in the Ogilvie Mountains is located in 
a cirque 5 km northeast of One-eighty Lake, and north of 
Officer Creek. Elevation ranges from 1219 m near the lower 
of two tarns, to 2134 mon the highest peak. Steep rock 
faces and talus slopes characterize the upper 152 to 305 m 
of the mountains, in contrast to the gentle slopes of the 
Nahoni study area. Stands are located around the cirque in 
a region above wet meadows and below talus slopes (Fig. 4). 


Both areas were reached by helicopter from Dawson, 


Geology 
Nahoni Range 
The Nahoni Range is part of the Porcupine Mountain ~ 
Area, which is included by Bostock (1970) in the Eastern 
system of the Cordilleran Region. While detailed geologi- 
cal studies are presently unavailable for the Ogilvie River 
region, the stratigraphic succession for the smaller Brim- 


ston Mountain area has been determined on a preliminary 


 eganpaagi Maiti sehk ct “ot ees ova 


she 20 opnss noideret¢ ent exaweo, bre Lei dedant to 
Patesel oele sts abnsita, Lpeiaia Sedila a9 neigateymr wake”: 
"FeHOM cotami7a to Men 2ephor hemnaae te agate, aia san 
“f€ seit) eqtosp, baste ecg newwied mb oat, ome gitw 

mk BSte00! ©) existe obviigo es vi sete Mhiee oP op 


§o ditoa bris ,Sisl yoreie-and Io stesigion ml? eupeiere 


wavelet cson m OLG1 mot} sopant aciversla .gisesD ae08RRO 
fins gao270 ideeqg daefinin ads nom DELS 23 1 2ed owt Ao 


m_Lf0E ov. Sel wegge- eds eiivegierzaniv aqofe oul sy hee aeoed : 


O89 30 soteke. oisiesp ed? e2 teetdgno «:: 2atodadiom att eo 


al eywrd> oft Bavots betepol acs cbeai® .see youve tnodae | 


vba <B24) sequle evlet Woled bas ewohsem tow evade solpeee ml) 
hGewaa sort 2eioonited vi Barlesed stow geen dve@ $q 
res 

= = 
socal toodet 
ey 20 txeq ci opeen fnonet oft “a 


Yool oe) 


_* ibstinoolt 


Haase Sai al OER bodsee ye Nebr icot at dete awe, 
| oie oe Sn 


yu SURE 


NAHONI SITE 


SITE 


Contour Interval 500 ft 


65°34 
I39°II' 


FIGURE 3. 


Location of stands in the Nahoni Range, 
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Location of stands in the Ogilvie Mountains, Y.T. 
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basitse.D.K.e Norris, pers. comm). 

The Hart River Formation occurs at lower elevations in 
the study area and consists of shale, limestone and dolomite 
with an unnamed shale at the base. Above this is the Et- 
train Formation. It is a light grey, cliff-forming limestone 
which comprises the southern and eastern study area boun- 
daries. Both formations are of Carboniferous age. The 
northern and western boundaries are light grey siliceous 
dolomite and limestone of Middle Devonian age. Such strati- 
graphic correlations are to be considered tentative until 
further studies are completed for this region. 

Dendritic drainage patterns have developed in the Na- 
honi, and water from the study area flows east in streams 
which join a north-flowing tributary of the Whitestone 


River. 


Ogilvie Mountains 

The Ogilvie Mountains are part of the Northern Plateau 
and Mountain Area in the Interior Region of the Cordillera 
(Bostock 1970) . The Ogilvies are separated from the Nahoni 
Range to the northwest by the broad valleys of the Ogilvie 
and Peel Rivers. 

The geology of the cirque group including the study 
area has been documented by Green (1972). The rocks are 
Precambrian and Cambrian, and include:(1l) gritty quartzite, 
Sandstone, and quartz-pebble canglomerate; (2) black, maroon 


and green shales, and slates; (3) schistose quartzite, 
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quartz chlorite schist, quartz-mica schist and phyllite; 
and (4) minor limestone and black chert. These outcrops 
characteristically form smooth ridges to about 2100 nm, 
which are susceptible to frost action. The distinct mot- 
tled maroon and green shales are conspicuous from both air 
and ground. 

Valley floors in the area are mapped as Quaternary age 
unconsolidated glacial and alluvial deposits (Green 1972). 

The massif is drained by the Klondike River to the 
south via Officer and Davidson Creeks, and by the Middle 
Hart River to the north via Lake and Mouse Creeks. The 
study cirque drains north into a tributary of Lake Creek 


(Vernon and Hughes 1966). 


Glacial History 
Nahoni Range 
The Nahoni study area lies within the ungiaciated re- 
gyon, Of the Yukon (Bostock 1946)% 5) This’ Large region exhi-— 
bits very diverse terrain and is unified solely by the 


absence of glacial deposits (Hughes 1972). 


Ogilvie Mountains 

The glaciation sequence in the Yukon encompasses four 
advances of Cordilleran ice (Bostock 1966). These phases 
have been correlated with radiocarbon dates as follows: 
Nansen and Klaza in the early Pleistocene, more than 
500,000 years B.P.; Reid_in the early or pre-Wisconsin, 


52,000 years B.P. or younger; and McConnell in the late 
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Wisconsin, 25,000-107000RyvearsesB JPrauw(Rutter et al. 1976). 
Each subsequent advance was less extensive (Hughes 1972). 

Ice advances in the Ogilvie Mountains have been docu- 
mented by Vernon and Hughes (1966) and Ricker (1967), and 
have been correlated with Reid and McConnell ages (Hughes 
1969, Hughes et al. 1972). During these periods, ice ad- 
vanced in independent valley glacier systems, rather than 
in a continuous sheet of ice as occurred southward on the 
Yukon Plateau. Cordilleran ice sheet tongues extended 
northwestward along the Wind, Hart-Beaver and Middle Hart 
Valleys, and were joined by valley glacier ice from the 
eastern region of the Ogilvies (Hughes 1969). 

The massif including the study area shows extensive 
glacza trom Of tReid#age.) )*South=facing tcirquestiweremnotng la- 
ciated during the McConnell. However, the study area cir- 
que and those on either side show evidence of recent glaci- 
ations (Hughes. 196972019 76"pers-ercomm..). Throughout the 
Ogilvie and Wernecke Mountains glaciation has been discon- 
tinuous, and markedly so in the last advance. 

Rock glaciers were commonly formed in these mountains 
during Neoglaciation, 2,000-3,000 years B.P. (Vernon and 
Hughes 1966). Although none are present in the study 
cirque, several can be seen in the adjacent eastern valley 
and in the cirques across Lake Creek to the west (Vernon 


and Hughes 1966, Hughes 1969). 
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Patterned Ground 

Patterned ground features are very common in both 
Yukon study areas. Sorted and nonsorted circles and 
stripes are found in the Nahoni area, with nonsorted 
stripes being most frequent in vegetated sites. Steps 
and gelifluction lobes are also evident and are better 
developed than in Alberta study areas. Hummocks are char- 
acteristic of many poorly drained sections of the Nahoni 
area. 

Much of the Ogilvie cirque is not strongly patterned 
due to a predominance of wet meadows in the valley and ex- 
tensive dry talus slopes above. In the intermediate zone 
Slopes exhibit some sorted and unsorted stripes, and level 
areas have nonsorted circles and polygons. Whether ice is 
present in the depressions between nonsorted polygons is 
not known. Another feature in this area is a fellfield, 


patterned with sorted stone stripes. 


Soils 

No studies are known of soils from either Yukon area. 
Soils in the Nahoni Range have developed over bedrock from 
discontinuous felsenmeer with or without colluvium, or 
from extensive organic deposits (Hughes 1972). The 
better-drained Ogilvie area has fewer potential organic 
areas, and consists largely of glacial and alluvial ma- 
terials over bedrock. Discontinuous permafrost is wide- 


spread in both areas (Brown 1967) although it was not 
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investigated in the present study. 


Climate 

Few meteorological data exist for the Yukon study 
areas, therefore regional weather and climate must be ascer- 
tazned=from=distant stations. Data from valley stations indi-— 
cate that low annual precipitatian and a wide temperature 
range characterize the region (Kendrew and Kerr 1955, Green 
1972). Ricker (1967) tabulated meteorological data for Daw- 
son (elev. 323.8 m) from 1901-1963, and elucidated trends of 
high relative summer precipitation and cold winter months. 
He designated-.this climate’ as Cold. Snowy Forest (Dfc) due to 
winter dryness. 

Meteorological records have been kept since 1966 at 
Mile 41 on the Dempster Highway (65927'N; 1380913'W at 960 m) 
which are summarized in Table 2. Kojima (1973) also oper- 
ated summer weather stations during 1972 and 1973 in the 
North Klondike River Valley along the Dempster Highway 
near Mile 41. 

The highest station (1195 m) had a climate between Sub- 
arctic Tundra (ET) and Cold Snowy Forest (Dfc) in the Koppen 
system. (Kojima 1973). The lowest station (740 m) was clas- 
sified as Dfc, and the mean daily temperature difference be- 
tween the two was 3.8°9C. Virtually no frost-free period 
occurred in summer. Daily localized showers also character- 
ized this area. The Nahoni Range.lies north of Kojima's 


(1973) area, and may be in a region of Subarctic Tundra 


gigas. 2241 sian ies ae ia 
awit 702 eish {fo ipelorossam ‘beysludss (r90r) aa. 
to, shaw byaeh toute Gig \EGRI+LONl mow (ar Wiese sete 6 aig 

emit icm dase bico Bne bes qotzed byisoeng <enume evitaten ete 
Gf geb (634) sugroY vyvons flood, 4s asamila dice iosmeteab ol | 
ee 


Jo pel coogi aged, tasd ered ahioser Adie ora von aba 
in dee so. nitioges 4H) vGbeg) vse" ‘yedecmatd ode fe tb ott 
edo cain {TGh) amtitox .< ofa ie bss bonmave wa fads 
end i FOL Fre eves) Bilisva dmidage iordnep rome bean 

yexlipli xsteqmed suid prois vellsV vovit eilpaglel doxon 

i>} slim s80m : 
“iv8 newton! admits © Sei [a 7015) aottnde Shonen dete - 
a ta DA cpa ion 0 sakes 


a5. 


TABLE 2, Meteorological summarv for Mile 41, Dempster High- 
WAVEY eee OO-19y 31) (Konimasloso)), 


Mean annual temperature OC 
-8.9 


Highest monthly mean temperature 


June eee 3 
July ‘le 5} 
August eso 


Total annual precivitation mm 
428 


Highest monthly mean precipitation 


August 60 
July 47 
February 30) 
June 38 


October 38 
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ratnemethan Cold snowy Forest. Climate. (Ricker .1967).. 


Vegetation 
Nahoni Range 

The"Nahoni Range lies south of arctic treeline in the 
Yukon, and has sufficient elevation to be largely above al- 
pine treeline. The vegetation is characterized by cushion 
plants, dwarf shrubs and low-growing sedges, grasses and 
herbs. 

At lower elevations Salix alaxensis lines the major 
stream banks in the study valley. The flood plain meadows 
are rich in herbs such as Epilobium latifolium and Lupinus 
arcticus. Betula glandulosa, Rubus chamaemorus and various 
Salix species are also found along streams. 

Dwarf shrubs are common on better drained slopes, in- 
cluding sAreloseaphy lOssrubrasCass hope gle tragona a EMpatnum 
nigrum, Ledum palustre, Rhododendron lapponicum, Salix arc- 
tlcd, poaeleticulata wand Waccinium $vi tiseidaca. 

Dryas octopetala is characteristically found with 
Carex misandra in upland sites. Many herbs are also con- 
spicuous, such as Arnica frigida, Astragalus umbellatus, 
Boykinia richardsonii, Mintapihagancl ios iM ssclegqans,« Oxy- 
tropis maydelliana, O. nigricans ssp bryophila, Pedicularis 
Lanata,~ Potent lanbit Lora and Totieldia coccinea. 

Few species are found with Dryas octopetala on the 


uppermost slopes. These include Carex misandra, Chrysantche= 


mum integrifolium, Minuartia elegans and Cardamine purpurea. 
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Snowbeds are dominated by Cassiove tetragona and Dryas 
octopetala with some Salix reticulata. Wetlands are common 
on poorly drained soils, and several areas of Eriophorum 
vaginatum occur in standing water. Sphagnum species are 
associated with most wetland sites, and dominate wet slopes 


with. Betula glandulosa. 


Ogilvie Mountains 

The Ogilvie study area is in a massif which is above 
alpine treeline. Much of the valley consists of gently 
sloping meadows with moderately well drained to poorly 
drained soils. Many herbs are common, such as Aconitum del- 
phinifolium, Anemone narcissiflora, Lagotis glauca, Myosotis 
alpestris,.Parrya nudicaulis, Polygonum bistorta, Sedum — 
rosea, and Valeriana capitata. The wettest meadow sites are 
dominated by the liverwort Paludella squarrosa, and various 
bryophyte species. Snowbeds are like those of Nahoni areas. 

Drier uplands are dominated by Dryas octopetala, with 
Campanula lasiocarpa, Carex microchaeta, Hierochloe alpina, 
TUzula mule. elora,, calix alctica, and Vaccinium vitis-idaea 
as important secondary species. 

Dry acidic slopes are conspicuously characterized by 
the moss Rhacomitrium lanuginosum, with Hierochloe alpina, 


Vaccinium vitis-idaea and extensive lichen cover. Very few 


species are represented at the highest vegetated slopes, in- 


cluding Dryas octopetala and Saxifraga flagellaris. 


eveds #! dvtor Tieemm s wt ak ate Yada abwrigs ome! 
Wisiep lo, eselznoo Welbiay sit to: Hou sisi 
yfiecg oH beniaad Lisp yistarshon iiw 
SEah mitt pessly on) Mtv. add, ea Ze: adsai yaaet .olioe Benteeb 
Shegluds exinie. adaeane \eieaseniat orenaet sggsijetbmkdd 


Refet .crsctets witli’ pemancapitmeretrncns 


ip Botle woes taeda Shi Cast GRP “detiche scpheoiat bite! yponex 
sunhted bus senna altbuo tin ysis t id ya Bemenbeo’ 
pales Losin Tor seody SET “her | aogdwady | -doigses erydqoird 

daw blag sees aelyst yd Selacinob exe sbkigten senna 00% 


Saighe ables asso eee ROO blatant 


scatibecendil pudtere shtee 
| torte ahaa taal a 


METHODS 
Vegetation Sampling 

The method of vegetation sampling used in this study 
Was designed” for*raptd data’ collection” in areas "where field 
equipment was limited by helicopter capacity. Other sam- 
Pling techniques for terricolous alpine lichen communities 
ares descrrbped@inesryane and=Scheinberg= (1970): Pand *Bird 
(1974a, 1974b). General alpine sampling methods can be 
found in Mueller-Dombois and Ellenberg (1974) and Eddleman 
Cte aevemm (eo © 4) 5 

In each study area slopes were selected for stand loca- 
tion after an initial ground reconnaissance. Airphotos 
were useful in examining general study areas, but were too 
small scale for stand selection. Random stand selection was 
undesirable since vegetation on different patterned areas 
was to be examined. Therefore, criteria for stand selection 
were primarily subjective, without preconceived bias 
(Mueller-Dombois and Ellenberg 1974). 

A stand size of 30 x 5 m (150 m2) was utilized. Al- 
though related studies have used larger stands (Slack 1971, 
Lee 1976), environmental and plant community heterogeneity 
over short distances precluded a larger stand size. Each 
stand was required to exhibit certain internal characteris- 
tics as follows: 

1. to represent the variety of combinations of aspect, 


slope and moisture attributes within alpine areas; 
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2. to include distinct vegetation assemblages if not 
represented above; 

3. to be internally homogeneous for all attributes 
above, with no area of 2 m2 conspicuously different; 

4. to exhibit no visible disturbance (e.g. Squirrels 
or man) greater than 1 m2 in area. 

The stand location procedure initially required a ran- 
dom point on a downslope line to locate a perpendicular 
line. From this second line another random point was taken 
to crudely’ locate the top corner of the stand. " However, 
habitat diversity did not often permit objective choice in 
stand placement due to the homogeneity requirement (#3 
above). Subjective evaluation of stand location was there- 
fore considered adequate for rapid descriptive sampling in 


the heterogeneous alpine environment. 


A stratified random sampling system was used within 

each 30 x 5 m stand (Mueller-Dombois and Ellenberg 1974). 
In each stand, six lines 5 m long were established at 5 m 
intervals. Along each line the number of substrate types 
were noted and representatives of each type were numbered. 
Numbers from a random table were used to select the loca- 
tions stor tworl0 ex 405cm quadrats, per Substrate type, per 
line. In some stands the number of quadrats per substrate 
was one per line, to test the validity of the lower sam- 
pling intensity. Substrates were thus sampled equally 


rather than proportionally to facilitate direct data 
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comparisons. The selected sample substrate was usually 
wider than 10 cm, therefore another random number was used 
to locate the midpoint of the 10 cm quadrat side along the 
5 m tape. 

Quadrat size was determined by establishing species- 
area curves (Mueller-Dombois and Ellenberg 1974) for a dry- 
mesic alpine area on Prospect Mountain. Stands character- 
istically had two substrates, stone stripes and vegetated 
stripes, and each was sampled with a total of either six 
Or twelve quadrats. The latter arrangement is hypotheti- 
cally depicted in Fig. 5. 

Some snowbed and meadow communities were too small to 
Sample within a 30 x 5 m stand, so a 15 x 5 m Stand size 
was used. This stand contained three lines, and four quad- 
rats per line with no recognized substrate heterogeneity. 
Wet-mesic communities were usually encountered at a slope 
base, and those sampled extended at least 15 m along the 
base. Therefore, the long stand axis was located perpendi- 
cular rather than parallel to the slope. 

The 15 x 5 m stand was also used for sampling small 
polygons and circle areas. Stands with circles were par- 
titioned into two substrates to include circle centres and 
borders. An additional border substrate was designated for 
polygons, and all substrate units for both patterned fea- 
tures were sampled with six quadrats. 


Fellfield sampling was carried out in one stand each 
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Representation of the 30x5m stand with quadrats 
randomly located on hvvothetical substrates. 
Quadrat scale is approximate. 
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within the Divide and Ogilvie sites using twelve 10 x 10 cm 
quadrats centrally located on rocks. These quadrats were of 
maximum size for the rocks sampled, as larger ones would 
have eliminated 80% of the available rocks from sampling. 
Rock plots were located along the same stand lines as the 
terricolous lichen™plots” for the two’ stands.” Other stands 
GO not Nave rocks of sufficient sampling size. 

Two Nahoni wetland sites were sampled using a 15 x 5 m 
Stand. Species cover values were estimated for an entire 
stand or releve (Mueller-Dombois and Ellenberg 1974). These 
stands are designated Rl and R2 of the study area map (Fig, 
Si hoe 

Data from the quadrats included a species list of all 
lichens, vascular plants and bryophytes; the estimated per- 
cent cover of these three groups separately; and combined 
cover as total vegetation. Cover of individual lichen and 
vascular plant species was also estimated as well as cover 
of rocks and bare soil. The cover estimation scale used 
was modified from that of Braun-Blanquet and of Daubenmire 


(Mueller-Dombois and Ellenberg 1974): 
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Other attributes recorded were slope (degrees and as- 


pect), elevation, position on slope, and conspicuous rock 
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types. In each stand a list was compiled of plant species 
found which were not encountered in sampling. Characteris- 
tic stand features such as the dominant plant species and 
ground patterning were also noted. A minimum of six photo- 
graphs per stand were taken from standardized viewpoints. 
Within the quadrats, evidence of disturbance and of lichen 


reproductive effort were recorded when present. 


Voucher plant material was collected from the plots, and 


and from the surrounding areas. Nomenclature for vascular 


plants in Alberta follows Moss (1959), and Hulten (1968) and 


Porsild (1974) for additional Yukon species. Welsh (1967) 
and Wolf (1977) are used for Oxytropis and Minuartia, res- 
pectively. Bryophyte nomenclature follows Crum et al. 
(1.97.3) . A complete set of plant vouchers has been de- 
posited in the herbarium of the University of Alberta 
(ALTA). Lichen specimens have also been deposited at the 
National Museum (CAN) and University of Calgary (UAC) her- 
baria. 

Field work was carried out in Alberta during late June 
and mid-August 1975 and July 1976; the Yukon sites were 


sampled during July 1975. 
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A sample of surficial soil and rocks was taken cen- 
trally in each stand. Exposed soil was sampled rather than 
that underlying vegetation. These samples included the 
upper 4 cm of soil, since lichens were most likely to be in 
CrrectEcontact Withethissportion Of the Soilimrofite. .Sam-— 
ples were screened through a 2 mm sieve, and dry color de- 
termined in daylight using a Munsell color chart. 

Screened soils from 33 plots were analyzed for N, P, 

K, Na, pH, conductivity, free lime and sulfate, organic mat-— 
ter and texture by the Soils and Feed Testing Laboratory of 
Alberta Agriculture. The following methods were used: 

(1) nitrogen (nitrate) extraction with water and CuS0O,- 
Ag2S04 solution and determined by the Phenyldisulphonic Acid 
method; 

(2) available troepaivsrere extraction with the modified Bray 
method of NH4F-H2S04 and determined by the combined nitric 
and vanadate molybdate colorimetric method; 

(3) available potassium and sodium extracted with gee erates 
acetate and determined by flame photometry; 

Cee pre andecoroucGivd CyeUy sam. 26S0l water. Sader with an 
electrode pH meter; 

(5) free lime (CaCO3) with 10% HCl; 

(6) sulfate (SO4) estimated from pH and conductivity using 
BaCl>o to precipitate; 


(7) aluminum and manganese extracted with CaClj and read 
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directly on an atomic absorption spectrophotometer; 


(8) organic matter and texture were estimated manually. 


Lichen Identification 

Lichen and moss specimens from each quadrat remained 
mixed in small paper collection bags until they were sorted 
and identified. This method of collection and storage tra- 
ded field time for laboratory time, and also provided much 
better protection and padding for the lichen specimens. 
During the sorting, it was necessary to moisten and lightly 
press many of the macrolichen specimens to prevent further 
damage. 

Several identification keys were necessary. The most 
useful keys for the study areas are by Imshaug (1957), Hale 
(1969) and Bird (1970), as well as those for the Great Slave 
Lake area (Thomson et al. 1969), Baffin Island (Hale 1954), 
andstoretne Alaskan, Arctic Slope: (Thomson; an press). Other 
sources for specific genera include Alectoria (Brodo and 
Hawksworth 1977), brown Cetraria (I. Karnefelt, pers. commn.), 
CTadcntam (Antinlob le thnomsone 067, sbirG andaMarshai9/2):, 
Evernia (Bird 1974c), Hypogymnia (Ohlsson 1973, Krog £97 4)7; 
Parmelia (Bird and Marsh 1973a), Peltigera (Thomson 1950; 

M. Ostafichuk, pers. comm.), Stereocaulon (C.D. Bird, pers. 
comm), and Umbilicaria (Bird and Marsh 1973b). 

Field identification was based upon morphological char- 
acters. Laboratory work permitted the use of chemical spot 


tests with standard reagents as follows: 
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P = paraphenylenediamene solution using Steiner's stable 
SsOlurrvons (Thomson 196/)7 also abbreviated PD; 

We ao SOlUC TON OL potassium nydroxide crystals in 
water. 

C= calcium hypochlorite powder in water; a Stable substi— 
Euce is Soditim hypochlorite (commercial Jiguid bleach). 

KC= an application of K followed immediately by an applica- 
EvOnsore GC 

I= 0.5 g iodine dissolved in 1.5 g potassium iodide with 
water (Duncan 1970), plus some alcohol or detergent to 
promote penetration. 

CAT= chloramine-T powder mixed 5% in alcohol for each usage. 

These reagents were applied to small thallus fragments 
using a micropipette, and the color reaction was noted (see 
Thomson (1967) for other chemical spot tests). The use of a 
longwave (3660 A) ultraviolet lamp allowed sorting of spe- 
cies containing alectoronic, psoromic and squamatic acids. 
The low degree of chemical diversity in northern lichens 
did not warrant the use of thin-layer chromatography (TLC) 
aS Originally assumed. 

Morphologically identical taxa with different chemis- 
try were determined in the laboratory, and were designated 
by both species names (e.g. Thamnolia subuliformis/vermicu- 
laris). Where such taxa were allopatric, only one name is 


used. 


Thin sections of apothecia were unnecessary for macro- 
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lichens encountered, with the exception of the genus 
Solorina. Since the majority of specimens were sterile, 
io 1s shheyeuar iy Ss OCtCOS polka, cand S. Saccata were placed under 
Solorina spp. 

Extensive herbarium work at the Universities of Al- 
berta and Calgary was required before and after fieldwork. 
Several lichenologists also verified my identifications 
(see Acknowledgements). Nomenclature follows Hale and Cul- 
berson (1970); the more recent treatments for genera listed 


above; and Brodo (1976), (Appendix A). 


Vegetation Analyses 
Introduction 

The sampling program was designed to utilize cover 
values to indicate macrolichen species importance. In 
order to compare species assemblages and imoortance values 
on an intra- and interregional pasts) Molec Poros Nat von 
was selected as the primary analysis technique. 

In the indirect ordination procedure, the relationship 
of stands or samples are based upon vegetation similarity 
values (Bray and Curtis 1957). Indirect ordination may 
provide a more objective basis of interpretation than 
direct ordination when vegetation and environment relation- 
ships are unclear (Whittaker and Gauch 1973). Available 
environmental data can also be plotted on indirect ordina- 
tions to elucidate relationships. Strong correlations be- 


tween environmental complex-gradients and vegetation will 
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produce similar results when using either direct or indirect 
ordination techniques (Whittaker and Gauch 1973). 

indrrece*Bray-Curtis ordimations@aretalsouless Seco 
tible to distortion under relatively high beta diversity 
when compared to the widely used principal comoonents analy- 
SES7POrepene=(Goetamecteal e193) SRaThe@latteratechniqueshas 
the advantage of objective definition of ordination axes, 
whereas Bray-Curtis ordination requires end point choices. 
Subjectivity of end point choice can be avoided by using the 
most dissimilar stands, as outlined by Bray and Curtis 
(1957, .Mueller-Dombois and Ellenberg 1974). However, ex- 
tremely dissimilar end stands may cause ecologically mean- 
ingless ordination clusters, necessitating a choice of al- 
ternative end stands (Cottam et al. 1973). Experimentation 
with different end stands is often advisable, and the final 
ordination is subjectively chosen as a result. 

An objective technique for testing the validity of 
Bray-Curtis ordination is reciprocal averaging ordination 
Oree rth) blo a eGauch etealae lo /jin ew thls LS saneinadlrecy, 
weighted-average ordination procedure which uses successive 
approximations to produce simultaneous species and stand 
ordinations. Reciprocal averaging is an eigenvector tech- 
nique related to principal components analysis but it dif- 
fers in the use of species ordinations to derive stand or- 
dinations and vice versa. Species abundance in RA is also 


corrected so that two species with similar distributions 
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in which one is rarer, have similar species scores CHa): 
1973). The final order of stands and species is independent 
of the initial order, and_is objectively derived (Gauch et 
ute, SETA 

Advantages of RA include the accompanying species or- 
dinats Oni 1l 97.3) sandabetter ustantuorcinabionathan PCA 
Withenron beta diversity (Gauch et al. 1977). Major floris-— 
tic gradients are consistently arranged along the first 
axis, which can then be related to environmental factors 
(Gauch et al. 1977). Outlier stands are also readily de- 
tected in RA, which allows the elimination of such stands 
as end stand choices for other procedures such as Bray- 
GuBtaseOordinatiron. 

The combined use of reciprocal averaging and Bray- 
Curtis ordinations tends to minimize the disadvantages asso- 
ciated with each method alone, in addition to providing a 


species-stand table for use in community analyses. 


Ordination 

For analysis purposes, each substrate within a stand 
was recognized as a distinct sampling unit, or substrate 
unit, which contained an equivalent number of quadrats as 
all@other units within the stand. For example, all stone 
Stripe quadrats in a stand represented one substrate unit 
and all vegetation stripe quadrats were included in another. 

Lichen and vascular plant species encountered in sam- 


pling were compiled and compared from all substrate units in 
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the four study areas using Sgrensen's (1948) coefficient of 


community as follows: 


200 (Sc) 


cC(j,k) = = 
f S 5 ese 


where S; and Sk are the total number of species in stands j 
and k; Sc is the total number of species common to both 
Stans sand, CC 1S .coerficient of community. | The initial 
Usesor CC elucidated = ftioristicably related groups which 
could then be analyzed quantitatively. 


Cover values for all lichen and vascular plant species 


were tabulated using cover class midpoints as follows: 
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Ou 200 88.0 
In each substrate unit a mean species cover value was then 
calculated for each species, as well as the sum of the 
mean values of all species. Cover values for individual 
species were then transferred to IBM cards. Species were 
not included in the computer phases of analysis if they 
occurred in only one substrate unit with a total cover be- 
low .24%, as these represented very rare and infrequent 
species of uncertain ecological status. 

All computer work was carried out at the University of 
Alberta Computer Centre on the IBM 360/67 computer. Analy- 


sis programs were obtained for the Cornell Ecology Programs 
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(CEP) assembled by Gauch (1973). 

Initially a similarity matrix for macrolichens and vas- 
cular plants in each of the two study regions was calcula- 
ted using the resemblance or distance matrix program (CEP 
#5). Separate matrices were obtained with coefficient of 
community (CC) and percentage similarity (PS) as follows: 

PS (j,k) = 200(w) 
me 
where Pj and Pk are the sums of quantitative values in 
stands j and k respectively; w is the sum of the lesser 
values for those species common to both j and k, and PS is 
vercentage Similarity (Bray and Curtis 1957). 

The most disSimilar macrolichen substrate unit pairs 
were then chosen as end stands for a series of Bray-Curtis 
ordinations (CEP °#4). End «stand choice on the x-axis: did 
not appear critical as similar results were obtained with 
several stand pairs. The final end stands were compared 
to those in reciprocal averaging ordination (CEP #20) of 
the same ‘data*set. Criteria for end stand selection on 
the y-axis are outlined in Mueller-Dombois and Ellenberg 
OL OA Joe 

All Bray-Curtis ordinations were based upon values for 

percent similarity. Unrelativized PS values are recommen- 
ded for use with scaled cover values (Whittaker and Gauch 
1973), and better stand separation occurred with these than 


with CC values. Reciprocal averaging ordinations were also 
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constructed with PS for macrolichen and vascular plant data. 


Plant Community Description 

The species-stand tables from reciprocal averaging were 
modified to form differentiated tables (Mueller-Dombois and 
Ellenberg 1974, Whittaker 1975). These tables are organized 
to display groups of consant, rare, character- and differen- 
tial-species within assemblages of similar stands. Constant 
Species in this study are those which are found in more than 
590% of all substrate units, with moderate to high cover val- 
ues. Character-species and differential-species are re- 
stricted to certain stand groups and are used in this study 
to distinguish plant communities. Distributional centres 
define character-species, and distributional limits delin- 
eate differential-species (Whittaker 1975). High frequency 
values locate the species distribution in a stand group, 
within which the cover values may range from lov to high. 
Rare species are low in both quantitative attributes, and 
are encountered in fewer than three substrate units per re- 
gion with individual cover values below 1%. 

The order of substrate units in all differentiated 
tables corresponds to the x-axis from reciprocal averaging 
ordination of macrolichen and vascular plant data. Similar- 
ity matrices of CC and PS values were inspected to determine 
which substrate units indicated dissimilarity between groups 


of internally similar substrate units. Character-species and 
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differential-species were then established for these 
groups of substrate units. 

The resulting species-stand groups on the differentia- 
ted tables were designated as communities. In each communi- 
ty, mean values of species cover and frequency were calcula- 
ted from the included substrate units, and species were 
ranked in order of decreasing cover values. Two species 
with high cover and frequency were used to designate the 
communities, and three were used where distinction was 


otherwise unclear. 


Diversity 
The Shannon-Weaver (1949) index of diversity was cal- 
culated for all substrate units as follows: 
S 
San NS jek 18a) debt 
i=l 
Where Hi1s diversity, p;) 1S the proportion of Species i in 
the community of S species, and In is the logarithm of base 
e. The components of this index, richness (S) and evenness 
(J) are also examined separately. Evenness was calculated 


as follows: 


where H' is the Shannon-Weaver diversity index and 


H' max = In S (Pielou 1969). 


Correlations between macrolichen cover, substrate pH, 
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and diversity measures were tested with Spearman's Rank 
Correlation Coefficient (Sokal and Rohlf 1969) See Then tetest 
for unequal variances (Sokal and Rohif 1969) was used to 
detect differences within each of the above caregorves for 


different regions and areas. 
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RESULTS 

Environmental Factors 

In an effort to recognize the importance of plant- 
habitat interactions, the plant ecologist often uses envir- 
onmental factors as indicators of plant species or communi- 
ty. variability? eAny“qivenshabitat factors relates “to “other 
interacting factors which can be collectively represented 
as complex-gradients (Whittaker 1975). The correlation of 
variability in communities and complex-gradients thus pro- 
vides a first approximation of plant-habitat relationships. 

Several environmental factors are assessed in the pre- 
sent study to detect such plant-habitat correlations for 
Macrolichen species and species groups. Physical habitat 
factors are followed by vascular plant communities in order 
to establish an overall habitat context for interpretation 


of macrolichen data. 


Moisture Regime 

Field measurements of soil or atmospheric moisture 
were mre amuded by limited sampling time. Therefore, soil 
moisture regime was estimated subjectively (Table 3) on the 
basis of field observations and relevant literature on 
plant habitats (Kershaw and Rouse 1971 , Rouse and Kershaw 
1973, Larson and Kershaw 1975a). Moisture assessment also 
required consideration of topographic influences on snow ac~ 
cumulation and time of snowmelt (Table 3). 


A significant microhabitat trend is evident in several 
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Characteristics of stands and substrate units in 
(P), Divide (D), Nahoni (N) and Oqdilvie 
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TARLEGS.inContinued. 


Stand Substrate Units Mito, os ah eve o le eA 
Nero N9 vegetation stripes oad ae 2 1 COR Oe W 
SNI nonsorted stone stripes i hae Pe GPa a EES ESN SARS 1 
10 N10 veaetation nets legelee le nslt402 ST oon 
SN10 nonsorted stone circles i he Ob ay 57 SSW 
Li Nll vegetation stripes 2 ee 256 ees 
SN11 sorted stone stripes ie PRO Ate Ey ad 
Abe N12 vegetation nets eel eee oa, sys 
SN12 nonsorted stone circles line el > eke len, Bae: 5 
ike: Mises late OurcCnOopsVedecalvon lees. 26m l1AS soars 
14 N14 snowbed vegetation Bae OsaeO) BOS 2 Bae 
i N15 vegetation nets Pe ey 5 NW 
SN15 nonsorted stone circles ten 2a 92 Felli 5 NW 
Pl shrub wetland 656. 56° L067) 916.9 INNE 
R2 tussock wetland 6. 96.1 x652,1052 5.) NW 
uy: PY) 
Omeet Ol vegetated outcrop 2 ee eel ees) ee 2 ee 
SOl nonsorted stone stripes Tigel. . viene 52 dee 22 eS 
2 O02 fellfield vegetation PRED INST CAEN Si APN SS 
3 O03 vegetated, outcrop Jemma, Pek 8 LOL 2 eel 
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5 O5v frost crack vegetation Oye ¥,40° LAly Oo 
O5b wolvagon border vegetation 5 6 6 1417 Oy wets 
O5¢e polygon centre A906 ob> eelA Li O 4S 
6 06 snowbed vegetation Dem Oper oe 420i 7 ae 
7 O7 vegetated outcrop Oy Se Ph AR RYORSY  ARS) | an 
8 O08 vegetated outcrop Dee 4 eee 3) Oem Sm 
g isk 
Categories 


Miramons Gir atin (Lissduyn 02) dry-mesic; (3) mesic-dry; (4) mesic; 
(5) mesic-wet; (6) wet. 


Gu—estowscovers) (Lilavenveallgnite (2) siiqht: (3), light—-moderate; 
(4) moderate; (5) moderate~heavy; (6) heavy. 


T = snowmelt: (1) very early; (2) early; (3) early mid-season; 
(4) mid-season; (5) late mid-season; (6) late. 


Elev = elevation in meters. 
Sl = degrees slope. 


A = aspect. 
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stands in which vegetated substrate units are much moister 
then corresponding stripe substrate units (Table 3). In 
most of these stands the snow estimates remain the same, 
which suggests that the drier microhabitat is a direct 


result of continued disturbance from frost action. 


DOien 

Quantitative data for soil characteristics are com- 
pilediim Table? 44. :So1 4.pH wasisthe nost? variable factor 
assessed, ranging! from 6.2 (Ogilvie )S*to® 8.0" (Prospect)™ 
The pH values of acidic soils from the Ogilvie and Divide 
stands were Significantly different (P<.05) from those of 
basic soils in Nahoni and Prospect stands (Table 5). Signi- 
ficant differences were not found between Ogilvie and Divide 
soils nor between Nahoni and Prospect soils. Therefore, 
within each region there were comparable acidic and basic 
substrates. 

Values for nitrogen were generally low (Table 4) and 
may have been significantly altered by wetting and drying 
of many of the samples during prolonged wet field condi- 
tions. Phosphorus also was present in low amounts, 
while potassium values were moderate to high. The test for 
phosphorus may not actually indicate biologically available 
amounts, because this substance can be altered rapidly under 
field conditions (Brady 1974). Potassium is probably not 
limiting to growth except in the highly basic soils where 


calcium carbonate dominates the exchange complex. The 
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Soil chemical characteristics for stands in 


TABLE 4. 
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TABLE 5. Substrate pH values compared for Prospect, Divide, 
Nahoni and Ogilvie areas using the Mann-Whitney U 
Teste (oOka laranie hole 1969). 


ene 


Number Sample 


Area Samples Mean P D N 
Prospect 9 Tees) = 

Divide 5 Soe! ** = 

Nahoni PS ve0 NS * - 
Ogilvie 6 By 8) kK NS KKK 
* = PeEo5 

Kx Pay Ou 


eRe eP SOO) 
= no: Significant difference 


sak 


values for nitrogen and phosphorus were similar to those 
found in other alvine areas (Hrapko 1970, Kuchar 1975) al- 
though potassium values in the present study were higher. 

Values for aluminum and manganese were obtained only 
for soils with a pH value below 5.5. These nutrients be- 
come increasingly available to plants with decreasing pH, 
andecan be toxic, to some species at levels such as those ain 
Ogilvie stands 1 and 8. 

Sodium, organic matter and free lime (CaCO3) were esti- 
mated qualitatively. Sodium was low in all samples; like-. 
wise, conductivity values indicated very low amounts of 
salts. Free lime was only present where pH exceeded 7.6, 
and was then found in moderate quantities. Organic matter 
was rated as medium for Prospect and Ogilvie soils, and was 
high in Dividejand Nahoni soils. These high values were 


also correlated to the texture categories (Table 4). 


Vascular Plant Vegetation 


Introduction 

The vascular plant vegetation of the study areas was 
assessed in order to characterize the plant communities. 
The same quadrats and cover scale were used for estimating 
both lichen and vascular plant cover in order to maintain 
an efficient sampling procedure. The sampling intensity 
was therefore low for vascular plants (Mueller-Dombois and 
Ellenberg 1974) which resulted in an underrepresentation of 


species with low-moderate cover and (or) frequency. 
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Chamacteristicavasculars plantpspecies.with relatively high 
cover and frequency values were thus emphasized in communi- 


ty designation and description. 


Regional Results 


A total of 159 species from 28 plant families were en- 
countered in the alpine areas studied (Appendix B). These 
taxa were found in areas of measurable lichen abundance, 
which excluded most hydric sites and some meadows. Spe- 
cies data are therefore biased toward upland communities. 

VaccluVaGepDlantactmilarity values for thestour study 
areas are compared in Table 6. The number of species used 
is low since these represent quantitatively sampled species. 
Areas within each major region are more closely related, 
regardless of local environmental factors. Also, vegeta- 
tion in Prospect and Divide areaS iS more Similar to that 


in Nahoni rather than that in Ogilvie areas. 


Alberta 

Vascular plant species in Prospect and Divide sub- 
strate units have been arranged into rare, constant, char- 
acter- and differential-species groups (Table 7). Each of 
the four substrate unit groups is represented by species in 
the above categories. 

The order of substrate units from left to right (Table 
7) represents coincident complex-gradients of increasing 


moisture, and decreasing substrate pH. The first substrate 
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TABLE 6." Percent Similarity values for vascular plant veqe- 
tation in the four study areas based upon S¢rensen's 
Coeffticient of ‘community. 


——————— 
—----———————— 


Prospect Divide Nahoni 
Ogilvie des) 18 45 
Nahoni 28 2x, 
Divide 54 


Number of species tested 


Ogilvie 24 
Nahoni 43 
Divide 42 
Prospect 44 


Species total = 99 
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Differentiated table for vascular plant 


from Prospect (P) 


and Divide 
Order and scaled abundance values 
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vegetation 
Stand 
9) are 


derived from reciprocal averaging ordination. 
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1 p, ovina var. brevifolia 
B. inermis var. pumpellianus 


Carex petricosa 
Oxytropis campestris 
Astragalus alpinus 
Silene acaulis 

Salix alaxensis 
Hedysarum mackenzii 
Pedicularis lanata 
Solidago multiradiata 
Festuca ovinal 
Smelowskia calycina 
Zygadenus elegans 
Aster alpinus 

Poa spp. 

Betula glandulosa 
Pyrola orandiflora 
Pedicularis capitata 
Equisetum scirpoides 
Carex nardina 

Carex misandra 
Kobresia bellardii 
Minuartia sp. 
Saxifraga tricuspidata 
Potentilla diversifolia 
Dryas octopetala 
Heaysarum alpinum 
Salix arctica 
Artemisia norvegica 
Trisetum spicatum 
Festuca baffinensis 
Minuartia rossii 
Cassiope tetraagona 
Phyllodoce alandulifera 


Oxytropis vodocarpa 
Saxifraga oppositifolia 
Androsace chamaejasme 
Carex ruvestris 

Dryas inteorifolia 
Polygonum vivipvarum 
Salix nivalis 
Potentilla fruticosa 
Lychnis apetala 
Antennaria alpina 
Tofieldia pusilla 
Arctostaphylos rubra 
Erigeron humilis 
Arnica alpina 
Potentilla nivea 
Stellaria monantha 
Bromis inermis2 
Campanula rotundifolia 
Pedicularis flammea 
Pedicularis groenlandica 
Erigeron perigrinus 
Gentiana prostrata 
Carex atrosquama 


-Antennaria lanata 


Sibbaldia procumbens 
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unit group includes the driest sites on Prospect Mountain, 
and the second group contains dry to dry-mesic habitats. 
Values of substrate pH correspondingly shift from 7.9-8.0 in 
COLOURS LOe/- jo. een tie seconrcumdroupE 

mie third /substrate unit group consistseprimanily of 
Divide sites with a minor component from neutral-acidic and 
mesic sites from Prospect. Complex-gradients of moisture 
and pH overlap substantially in this group because the sand- 
stone strata in acidic areas are better aligned for moisture 
retentions (WiekKislby, pers. comm.) . 

Substrate units in the fourth group represent the most 
acidic and mesic-wet conditions in the Alberta study sites. 

Four vascular plant communities have been recognized 
which correspond to the substrate unit groups on the differ- 


entrateaucabie we these ares) (1) Dryas integrifalial—sCarex 


Pupestria,s (2) Ulyaest incor LOollae = Ox LOD res pOdeCa ner. 
Salix nivalis, (3) Dryas integrifolia - Hedysarum alpinum — 
Androsace chamaejasme, and (4) Salix nivalis - Artemisia 
hnorvegica. 


GiymDILVas pintegritol lass soarex ruvestris 


Dryas integrifolia attains its highest mean cover value 
in this community, and is also the most dominant species 
(Table 8). Carex rupestris and Saxifraga oppositifolia are 
frequent but do not have particularly high cover values. 
Medium frequencies are found in Oxytropis podocarpa and 


Carex nardina. 
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TABLE 8. Vascular plant species in the Dryas intearifolia - 
Carex rupestris community (#1) in Alberta; mean 
COVED, —requcncy (ire), and cover value range in 
Je substratenin its. . 


rer Sets te snes er eennaennnaresnnrneseeesr~annenseeueneregwenesnen 
etna eee 


Species Cover Fre Cover ranae 
Dryas intearifolia 30.40 89 2.00-60.08 
Carex ruvestris ereable) @ atsis) 10:0 =—1 25-79 
Carex nardina ip 30) 44 aia Lael s 
Oxytropis campestris 104s 83 Ie 27-25.58 
Saxifraga oppositifolia SENS | BY SOO Lo 5 
Hedysarum mackenzil SCOR PELLL Dod 
Astragalus alpinus ees | SiS} Se ae 
Oxytropis podocarva ~ oe me aid P616-225 43 
Androsace chamaejasme BS) ae: 4J7=" 2, 41 
Polygonum viviparum £23n235 Sor) 1.08 
Potentilla fruticosa ol Gia: Dee, 
Kobresia bellardii eles me Aik Laz 
Silene acaulis LOM ee a AS AS 8} 
Sabixenivalis | kal © ee Aceh bel are, @ 
Carex petricosa Ove 22: Pa 6-24 S50 
Pedicularis lJanata Afinre aie: -62 
Salix alaxensis 705 82) 2-43 


Antennaria alvina 7 OSar 1 wa 
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Two species groups in this community reflect differen- 
ces in north and south aspect. Characteristic species in 
north-facing stands (Pl, P8) include Pedicularis lanata, PR. 
Capitata, Hedysarum mackenzii, Salix alaxensis, Silene acau- 
iis and Oxytropis podocarpa. South-facing stands (P2-P5) 
are represented by Astragalus alpinus, Oxytropis campestris, 
Carexspetricosa,; Antennaria alpina, Lychnis apetala. and 
Potentilla fruticosa. Since the dominant species are con- 
Sistentiwithin this community, the substrate unit similarity 


values are not significantly affected by these species 


group. 


(eer Vase hitecrmweoliag~ Oxytropis, podocarpea pisalix nivalis 

Communities 2 and 3 have a core group of character- 
species extending from Kobresia bellardii (#13) to Solidago 
muiciradtatae(#25) on the differentiated, table) (Table 7). 
North-facing stands include Pedicularis lanata and Hedysarum 
Mmackenzii, waseinithe first community. 

The most frequent species in this community type are 
Dryas integrifolia, Oxytropis podocarpa, Saxifraga OppoOsiti— 
folia, Polyaonum viviparum and Salix nivalis (Table 9). Mats 
OfeDee i ntegratolidamare dominant, with all other species hav- 
ing relatively low cover values. 

The greater species richness of this community compar- 
ed to the first is attributed to the more mesic substrate 


conditions in representative substrate units. Most of 


these stands have minor topographic relief along stone 
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TABLES9= Vascular plant species: in the: Dryas inteqrifolia = 
Oxvtropis podocarpa - Salix nivalis communitv (=2) 
in Alberta; mean cover, frequency (fre), and cover 
value range in. 8..substrate units. 


nn 
en 


Species Cover Fre Cover range 
Dryas integrifolia 26905 (l00m are o-00lo1) 
Carex ruvestris Seihktes toate) ~o0U-10404 
Oxytropis podocarna 2709 oo ~25~=10,41] 
Betula glandulosa Zeno nD ORUC= LO. OU 
Polygonum vivinvarum Ao) ee ae Mise} © 
Hedysarum mackenzil Pe4a5 B50) ~54-—7.25 
Carex nardina LD oo ETM a wage 1) 
Saxtilaga onpos iti rolta ~-84 88 eh mm ls8:] 
Hedvysarum alpinum RIE ales} Gee 
Salix nivalis 70s 75 29s) 40 
Pedicularis capitata -41 38 sore. 45 
Kobresia bellardii ae Eas Ota 2e 0G 
Poa sop. oS Ome) RSP ates od eel Be 
Androsace chamaejasme eA esis: ee EES 
Festuca baffinensis AG eal Bere 
Aster alpinus 54> eS 1708 
Saxifraga tricuspidata Rye PS) 1.00 
Minuartia SP. Sk) aro Tks 1.00 
Arctostaphylos rubra AAG acl GS: aOF 
Pyrola qrandiflora . 2 VO Rae hs) pEour 
Pedicularis lanata i) Ome are ae esy 
Equisetum scirpoides ALON PAS) te 
Salixedrotica £0 Ge oO 
Festuca ovina var. brevifolia c. Ommer le eee!) 
Stellaria monantha fiber. ALS) 3 
Silene acaulis POseee lS ~25 
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and vegetation stripes which enhances mesic conditions. 


(3) Dryas integrifolia - Hedysarum alpinum - Androsace 
chamaejasme 


Dryas, integrifolia is less dominantvin this community 
and other species have correspondingly higher cover values 
(Table 10). Higher frequencies are found in Polygonum vivi- 
parum, Salix arctica, Androsace chamaejasme, Hedysarum alpi- 
num, and S. nivalis. Of these, two herbs A. chamaejasme 
and H. alpinum characterize and distinguish this community 
by Oe aes Sonu. galpinum.is,particularly important ingthe 
Sab uesulocLOupsOLeDL, Déand DS, 

Dryas octopetala is encountered in three Divide sub- 
strate units, presumably due to a preference for acidic or 
mesic conditions or a combination of these. This species 
is also found on Prospect, restricted to small patches with 


late snowmelt. 


(Avec licenivalisu- Anlemesia,oOrvegica 


Substrate units in the fourth community exhibit simi- 
lar species composition and relative species importance to 
those in community 3, especially to the subgroup of Dl, D4 
and D5 (Table 7). The major difference is the reduction in 
frequency and cover of Dryas integrifolia, which otherwise 
dominates all the plant communities in this region. 

The most distinct character-species is Artemisia nor- 


vegica (Table 11). Salix nivalis and Polygonum viviparum 
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TABLE 10, Vascular plant species in the Drvas intearifolia - 
Hedvsarum alpinum ~- Androsace chamaejasme communi- 
ty (#3) in Alberta; mean cover, frequency (fre), 
and cover value range in 4 substrate units. 


ee ee er ne 
a a Ee 


Species Cover Fre Cover ranqe 
DEyas@euntegqrifolia 13703 100 -50-26.66 
Polygonum viviparum 4.67 89 ~S0= E2558 
Salix “arctica 3r2 . Gy -D0=Eoacd 
Hedysarum alpinum 3801 6256 250 —26.25'6 
Sa hise naval lis 3405 516 5 0 2ias 3 
Betula glandulosa Lee Us LO258 
Dryas octopetala L445. 233 Zea OS SS 
Carex rupestris L388 244 ~58— 4.58 
Oxytropis podocarpa LZ” «33 S233" 4506 
Carex misandra L320. oP 10.83 
Carex nardina LIE] 22 1 00=5 94350 
Androsace chamaejasme 3974 (67 DO = ae des 
Kobresia bellardii #86 33 s50—=6.08 
Festuca ovina var. brevifolia wi3)) SS ~-58- 4.90 
Saxifraga tricuspidata eG7 * 33 LI00= 2475 
Pedicularis capitata a4 33 S00 2a 
Artemisia norveaica 248° 22 ~50— 3.88 
Equisetum scjrpoides $39.9 33 250-—w1306 
Potentilla nivea #25 Ti 2925 
Poavspp: 98 Sele BS 
Minvebirad sos aL ae -50= 1.00 
Smelowskia calycina Sh ee Pet: 
Potentilla diversifolia ica 2 Male ise) 
Zygadenus elegans cele ene a 220 
Aster alpinus AOE” gp Sbik 66 
Campanula rotundifolia Au Oley, — SIRE Rees: 
Pedicularis lanata S0G Bele 0.8 
Arnica alpina 0 OeeleL 5.0 
Bromus inermis var. pumpellianus BOG Hae Je al) 
Erigeron humilis 0 Gammel t ar) 
Erigeron perigrinus 0 Oe so0 
Minuartia rossii AC) 6 ee 0 
Pedicularis flammea c0 Omen S250) 
Pedicularis groenlandica SOs GE OU 
Pyrola grandiflora ri) ome le 750 
Solidago multiradiata 20 Onley ye 
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ABLES 11 sanvVascutar.plant.speciess.in-thesSalixesnivealise= 


Artemisia norvegica community 


(#4) 


in Alberta; 


mean.cover, frequency (fre), and cover value range 


in Aesuostratenuni ts. 


—_— 
rr ret 


Species Cover Fre 
ArtemlSia norvecica 6-13 ais 
Phyllodoce qlanduliflora 5.48 25 
Cassiope tetraqona Deo 3 25 
Trisetum spvicatum 4.19 50 
Sal) we one it Ca 4.00 50 
Polygonum viviparum 22 OO 
Salix nivalis 2.0 5e6.00 
Carex rupestris OIG 25 
Drvas integrifolia .88 25 
Potentilla diversifolia -69 25 
Antennaria lanata . Dy, 25) 
Festuca baffinensis reeks: 50 
Hedysarum alpinum 44 25 
Saxitraga tricuspidata -44 oo 
Oxytropis podocarpa ~38 25 
Androsace chamaejasme ENS) DS 
Gentiana prostrata RecleS 25 
Carex atrosquama eee 2s 
Minuartia rossii .07 25 
Sibbaldia procumbens SOW 25 
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exhibit 100% frequency, and can be considered as character- 
speciesefor? this®community: 
Trisetum spicatum is found as a differential-species 
in this community. Other species include Phyllodoce glandu- 
liflora and Cassiope tetragona from a snowbed site. These 
were not intermixed; rather C. tetragona was at the base of 
the snowbank and P. glanduliflora. extended. out from the edge 
Of the Cassiope mat. | Two rare Species.also restricted to 
this stand are Sibbaldia procumbens and Antennaria lanata. 
The inclusion of species-poor SP9 in this community is 
due slanugely..to.tChewabsence.~oitD--integriatolia. Otherwise, 
the, presence.of-;Carex .rupestris, Saxiinaganoppositifolia, 


and Oxytropi-s-podocarpa sugges t-thati mtsmattiinities are with 


the Dryas inteorifolia - Carex rupestris community. 


Yukon 

The differentiatec table for the Yukon vascular plant 
vegetation is divided into three substrate unit groups 
(Table 12). As in the corresponding Alberta data (Table 7), 
the high aoe of species-stand overlap is probably due to 
the relative overrepresentation of common species. 

Substrate unit group 1 consists of all Ogilvie sites 
except 03 and 04, with two additional mesic-wet Nahoni 
sites. Moisture regime is variable within this assemblage 
and substrate pH is acidic in all cases. 

The second group represents more uniformly mesic-wet 


conditions and is predominantly located in Nahoni sites. 
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plant veaetation 
areas. Stand order 
(+ to 9) are derived 


from reciprocal averaging ordination. 
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tens nigrescens ssp. bryophila 
2 vy. uliginosum sso. microphyllum 


Hierochloe alpina 
Empetrum nigrum 
Cassiope tetragona 
Vaccinium vitis-idaea 
Carex microchaeta 
Salix arctica 
Campanula lasiocarpa 
Poa spp. 

Luzula multiflora 
Betula aqlandulosa 
Ledum palustre 
Pedicularis capvitata 
Salix reticulata 
Rhododendron lapvponicum 
Vaccinium uliginosum 
Arctostapnylos rubra 
Geum rossii 
Lycopodium selago 
Anemone parviflora 
Minvartia arctica 
Myosotis alpvestris 
Cerastrium beeringianum 
Silene acaulis 
Oxytrovis nigrascensl 
Potentilla biflora 
Pedicularis lanata 
Tofieldia coccinea 
Astragalus umbellatus 
Carex scirpoidea 
Equisetum scirpoides 
Oxytropis maydelliana 
Carex rupestris 
Lesquerella arctica 
Pedicularis sudetica 
Anemone narcissiflora 
Chrysanthemum integrifolium 
Minuartia elegans 


Dryas octopetala 
Carex misandra 


Lycopodium clavatum 
Vaccinium uliginosum2 
Gentiana prostrata 
Polygonum bistorta 
Arnica frigida 

Lupinus arcticus 
Eritrichium chamissonis 
Polygonum viviparum 
Carex capillaris 
Castilleja hyperborea 
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ectanad Ni3 is#ineludedlantthisegroupr although its low simi- 
larity to other sites makes its location arbitrary in group 
lor 2. The remaining Nahoni substrate units exhibit high 

Similarity to each other, with lower similarity to the two 

Ogilvie sites. 

The largest assemblage of substrate units is found in 
group 3. These are dry Nahoni sites which include most of 
Gie*stone stripe substrate units. Thiis}qroup! represents the 
overlap in dry and basic ends of moisture and pH complex- 
gradients, respectively. Absence of dry Ogilvie substrate 
units suggests that substrate pH is the more critical fac- 
tor correlated with species composition. 

Substrate unit groups have been designated as the fol- 
lowing communities: (1) Vaccinium vitis-idaea - Dryas octo- 
pecatapete) Dryas Octopetala = Astragalus umbeilatus >) Salux 
arctica, ande(s) Dry dswoctopetalas- Carex misandra. 

Within these communities D. octopetala is the only con- 
sistently constant species, although Carex misandra is also 
frequent. Both species however have noticeable peaks in 


cover and frequency in communities 2 and 3. 


(1) Vaccinium vitis-idaea - Dryas octopetala 

The acidic condition of this community type is indica- 
ted by Cassiope tetragona, Vaccinium vitis-idaea, V. bles ple 
nosum and Empetrum nigrum (Table 13). C._tetragona is un- 
evenly distributed and is important in the wettest sites of 


this group, whereasry. Vitis deed is more evenly distribu- 
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TABLE 13. Vascular volant synecies in the Vaccinium vitis- 
idaea - Drvas octopetala community (21). Anethe 
Yukon: mean cover, freauency (fre), and cover 
Value =randge..1n.-1.1-.substrate units. 
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Species Cover Fre Cover range 
Cassiope tetraaona os oye 46 ~50-39.66 
Carex microchaeta 6.98 64 Ve Bm 2 te 5 
Drvas octovetala 6.66 i58) US ie loans ye | 
Vaccinium vitis—idaea 5290. 106 a5 6-12 21'6 
Hierochloe alvina 200 Pas -50-194.25 
Salix arctica eG), 13 .50- 4.08 
Poa spv. ci Sis! 27 -25-10.58 
Emnetrum nigrum eOG 18 3203-— 5625 & 
Tozutaemu ta flora ~79 ZT 1.00- 6.08 
Campanula lasiocarpva S62 46 so0=12.08 
Vaccinium ulidaginosum 47 18 Ls b2—" 4.08 
Carex misandra 228 9 S06 
Ledum palustre CMG 9 LATS 
Betula glandulosa EG 9 Par 
Rhododendron lappnonicum L6 18 oe ie WERE SH 
Lycopodium clavatum BAGG) 9 Pele 
Salix ‘reticulata .09 18 pon 6 
Equisetum scirpoides .08 9 oo 
Arnica frigida 05 9 S50 
Gentiana prostrata alles: 9 50 
Geum rossii 05 9 50 
Lycopodium selago ples: 9 fou 
Oxytropis nigrescens ssp. bryophila S05 9 eee) 
Polygonum bistorta 705 S) ou 
Silene acaulis 205 9 risyt) 
Pedicularis capitata 04 9 Cul 
Vaccinium uliqinosum ssp. 
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ted in all substrate units. Mesic substrate units are 
characterized by Dryas octopetala, Carex microchaeta, Salix 
arctica and Luzula multiflora. The driest habitat is that 
in 07, where Hierochloe alpina is of highest importance, 
followed by V. vitis-idaea and the moss Rhacomitrium lanu- 
ginosum. 

Cover and frequency values of dwarf shrubs Ledum Palus— 
tre, Empetrum nigrum and Rhododendron lapponicum are low, 
although L. palustre was encountered outside quadrats in 
two additional substrate units in this community. The 
larger shrub Betula glandulosa was restricted to one outcrop 
habitat on vegetation stripes. 

Compcnulaeliasvocarpa 1s tlie only herb wich eile tre. 
quently encountered, and it has characteristically .low 
cover values. Other herb species were conspicuous but rela- 


tively insignificant components of this community. 


(2) Dryas octopetala - Astragalus umbellatus - Salix arctica 

Dryas octopetala attains its highest importance in this 
community (Table 14), excluding the dissimilar stand N13. 
Both Astragalus umbellatus and Salix arctica have secondary 
frequency values, but the former is more conspicuous and is 
also characteristic 6f Nahoni sites. Salix arctica is in- 
cluded in the community name because it is found in the two 
Ogilvie sites (03 and 04) which do not have A. umbellatus, 
and it also distinguishes this from the third community. 


Three species groups can be delineated within this 
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TABLE 14. Wascular plant species in the Drvas octopvetala - 
Astragalus umbellatus - Salix arctica community 
(#2) in the Yukon; mean cover, 
and cover value range in 9 substrate units. 


Se er 
eee 


Species 

Drvas octopetala 
Sobixeret ion lata 
Cassiope tetragona 
Carex microchaeta 

Sal ixeralet Ca 
Rhododendron lapoonicum 
Arctostaphylos rubra 
Carex misandra 
Astragalus umbellatus 
Vaccinium ulicinosum 
Geum rossil 

Carex scirvoidea 
Oxytropis nigrescens ssp. bryovhila 
huaInus parcteicus 

Betula glandulosa 
Oxytropis maydelliana 
Luzula multiflora 
Vaccinium vitis-idaea 
Silene acaulis 
Pedicularis capitata 
Carex capillaris 
Potentitla bi ftlora 
Tofieldia coccinea 
Minuartia arctica 
Pedicularis lanata 
Cereastrium beeringianum 
Anemone varviflora 
Eritrichium chamissonis 
Lvcovodium selago 

Poa spo, 

Polygonum vivivarum 
Mvosotis alvestris 


frequency, (fre), 


Cover range 


BSees7. 17 
.50-16. 33 
.50-20.08 

1.75- 9.91 

1.00- 5.58 
.54-12.58 

6.16- 9.58 
.50- 6.08 
~25- 2.75 

1.00- 4.00 
.50- 6.08 

1 al 5= 42,..37 

1 00= 94.87 

5.16 

4.08 

Seo. 

3.50 

3.50 

.50- 1.83 
-50- 1.20 
2200 

87- 1.00 
.41- 87 
.50- .66 
50- 58 
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community. On the differentiated table (Table 12) those 
Species from Cassiope tetragona (#3) to Luzula multiflora 
(#9) are in both communities 1 and 2, and are character- 
Speclesein=thesfirst community. Of these, LMU ltl conan Ss 
Peoreroccin co LucEOog? byte area 

The second species group is from Betula glandulosa 
(#10) to Lycopodium selago (#13), and includes infrequent 
species from communities 1 and 2 which are character-species 
Inethe second community. In tis group Pedicularis capltata, 
Rhododendron lapponicum, and Vaccinium uliginosum are found 
only in Nahoni stands. Arctostaphylos rubra is also in this 
group as a differential-species for the community. In con- 
Cheol, sy COpOdLUmM selago Occurs SOlely in Ogilvie Stands. 
GeUleross ll appears «LO be TesStricted, CO,Og1 lyicsci tes, DUC 
is also encountered infrequently in the Nahoni area. Geum 
glaciale is more restricted than G. rossii and is found only 
in Nahoni stand N7. 

Species from Minuartia arctica (#20) to Carex scirpoi- 
dea (#29) are included in the third group which overlaps 
between communities 2 and 3. Anemone parviflora is restric- 
ted to Nahoni substrate units within community 2, whereas 
Potentilla biflora is also found once in community 3. The 


remaining species are primarily or exclusively found in the 


Nahoni sites in both communities. 


(3) Dryas octopetala - Carex misandra 


Dryas octopetala is the conspicuous dominant in this 
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community, with character-species Carex misandra and Astra- 
galus umbellatus (Table 15). Oxytropis niarescens ssp. 
bryophila and differential-species Carex rupestris and Equi- 
Ssetum scirpoides are also important in this group. 

The majority of species are herbs which replace the 
dwarf shrubs of the other two community types. Rhododen- 
dron lapponicum is abundant in only one site in comparison 
EObPES Occurrence in 18 and 44% of the substrate units in 
communities 1 and 2, respectively. Characteristic herbs 
includesPedicularis lanata, Silene acaulis and Tofieldia 
coccinea. 

This community represents dry Nahoni sites including 
all but one stone stripe substrate unit. Since the dry 
Ogilvie substrate units are very dissimilar to any in this 
group, _correlationywith a substrate pH complex-gradient may 
be important. Differences in regional plant distribution 


elements may also be involved. 


Nahoni Wetland Stands 

Species composition and relative importance values for 
two Nahoni wetland sites are tabulated separately (Table 16) 
as both were dissimilar to other sampled sites. Stand Rl 
and R2 represent a Betula glandulosa - Rubus chamaemorus — 
Ledum palustre community, and an Eriophorum vaginatum tus- 
sock stand, respectively. 

Both stands exhibit well-developed hummocks, inter- 


spersed with water-saturated vegetation (Rl) or with stan- 


TDAECEM Loe VaScu lane lant soecies in the Dryas octopetala = 
Carex misandra communitv in. 
cover, frequency 
DSescugstrcate: units. 


Species 

Dryas octopetala 

Carex misandra 

Carex rupestris 
Oxvtropis nigrescens ssp. 
Astragalus umbellatus 
Oxvtropis maydelliana 
Carex scirpoides 

Silene acaulis 
Tofieldia coccinea 
Rhododendron lapvonicum 
Equisetum scirpoides 
Pedicularis lanata 
Cerastrium beeringianum 
Anemone narcissiflora 
Myosotis alvestris 
Lesquerella arctica 
Crysanthemum integrifolium 
Minuartia elegans 
Minuartia arctica 
Pedicularis sudetica 
Pedicularis capitata 
Castilleja hyperborea 
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TABLE 16. Cover class values for vascular plants in the 
Nano *wet land ‘stands’ RI "and R2. 


Cover class 
R1 
Betula glandulosa 
Rubus chamaemorus 
Ledum valustre 
Vaccinwum VLtbis-Ldaca 


NOWW 


R2 

Eriophorum vaginatum 
Carex biglowii & C. oederi 
Salix reticulata 

Ledum palustre 
Rhododendron lapponicum 
Vaccinium uligqinosum 
Vaccinium vitis-idaea 
Dryas octopetala 
Tofieldia coccinea 
Betula glandulosa 
Arctostaphylos rubra 
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ding water (R2). Hummocks in Rl are 2-5 dm high, with the 
top portions 4 dm apart. Those in R2 are 2-3 dm high, and 
approximately 2-4 dm apart. 

In Rl the first three species are restricted to occur- 
rence on the upper hummock position, with Vaccinium vitis- 
idaea growing on the lower hummock areas. Mosses including 
Hylocomium splendens, Aulacomnium spp., and Sphagnum spp. 
formed a solid layer beneath the shrubs. 

More vascular plant species are evident in R2 (Table 
16), and only two are found in the lower hummock microhabi- 
tCateascalixsreticulata and Tofieldia coccinea occurred on 
low as well as high hummock position, and no species were 
restricted to the lower area. Mosses on upper hummocks 
include Rhytidium rugosum, Dicranum sp., Aulacomnium spp., 
and Sphagnum spp. Lower hummocks were dominated by Tomen- 


thypnum nitens, Aulacomnium spp. and Sphagnum spp. 


Macrolichen Vegetation 
Regional Results 

Similarity values for macrolichen species in the fovr 
study areas indicate closest relationships between areas in 
each region (Table 17). Species composition from the Divide 
also appears Similar to that in both Yukon areas, possibly 
due to a large proportion of canstant species in Divide 
sites. 

As in the vascular plant data, the two regions appear 


floristically distinct. The only different trend between 
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TABLE 17. Percent similarity values for macrolichen vegeta- 
tion in the four study areas based upon Sgrensen's 
coefficient of community. 


Prospect Divide Nahoni 
Ogilvie 32 53 69 
Nahoni 39 60 
Divide 67 


Number of species tested 


Ogilvie 42 
Nahoni 46 
Divide 34 
Prospect 20 


epecileam tOtal, = 263 
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vascular plant (Table 6) and macrolichen data is the lower 
macrolichen intra-region similarity for Alberta, versus the 
Yukon. This difference could imply that intra-regional dif- 
ferences such as substrate are more influential on vascular 
plants than on lichens in the Yukon, with the reverse. for 
Alberta areas. While this may be the case, the data for 
vascular plants are less precise, and this difference may 
be caused by sampling error. 

The intra-regional similarity of qualitative macro- 
lichen data indicate that separate regional analyses are 
appropriate for quantitative data. Ordination results are 
presented first and are analyzed in relation to environmen- 
tal factors. Differentiated tables are then used to estab- 
lish macrolichen communities, as in the preceding section 
on vascular plants. An integration of macrolichen and vas- 


cular plant communities is then summarized for each region. 


Alberta 

Environmental Factors and Vegetation 

The Bray-Curtis ordination of macrolichen vegetation 
from Prospect and Divide areas (Fig. 6) shows two distinct 
groups. Cluster A consists of stone stripe substrate units 
and vegetation substrate units of lower cover and species 
richness than in Cluster B. 

Moisture regime and soil pH values were plottedion che 
ordination (Fig. 6) to aid interpretation of vegetation data. 


The dry-mesic boundary coincides with the division between 
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main ordination clusters since all stone stripes and three 
Prospect vegetation substrate units in cluster A are drier 
environments than those in cluster B. The exception to this 
is D4, which is most similar to mesic stands such as Dl. 
Stand D4 was located centrally in relation to the end 
Standsmaue t@ its dissimilarity tomall’ of them: 

Soil pH values (Fig. 6) include two groups which close- 
Ivyecoeurespond to Significant value differences (Table 5) and 
thus to substrate unit distinction between Prospect and 
Divide areas. However, Prospect substrate units P6 and P7 
are in the Divide ordination area and D5 is in the Prospect 
area because these appear to represent overlapping portions 
OPSEne pie complexseradient in cael area. Both PG and.) / 
were on less basic substrates, and had higher similarity to 
end stand D2, than other Prospect stands. Substrate unit 
D5 was also on more basic. soil than other Divide stands. 

Integration of the soil and moisture groups with the 
Orcination resulted in) tour ordinacion clusters (Fig./). 
Clusters 1(mesic) and 2(dry) include Divide substrate units, 
and clusters 3(dry) and 4(mesic) represent most Prospect 
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Communities 

The relationship of general species distributions to 
substrate units is displayed in a differentiated table 
(Table 18) The first substrate unit group (SP11-P9) re- 


presents Prospect ordination clusters 3 and 4 (Fig. Thy 
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Integration of moisture regime and substrate pH 
on the ordination of Alberta substrate units: 
(1) mesic, acidic; (2) Ony pea cuaice (3) diy basic. 
(4) mesic, basic. 
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[Olorina: spp. 
Dactylina ramulosa 
Cetrarvaut. lest 
Dactylina arctica 
Alectoria nigricans 
Stereocaulon alpinum 
Peltigera rufescens 
Cladonia pyxidata 
Cladonia pociiium 
Hypogymnia oroarctica 
Leptogium saturninum 
Parmelia taractica 
Cetraria islandica 
Cladonia ecmocyna/gracilis 
Peltigera apnithosa 


Physconia muscigena 
Cetraria nivalis 
Alectoria ochroleuca 
Thamnolia subuliformis 
Cetraria cucullata 
Cetraria ericetorem 
Cornicularia aculeata 


Alectoria chalybeiformis 
Cetraria laevigata 
Hypogymnia subobscura 
Psoroma hypnorum 
Solorina crocea 
Cladonia coccifera 
Nephroma expallidum 
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SUNS Erates unl Pom netnewleiteci dc ofeqroup | (Table 18)) are 
predominant lyaecundminsordination cluster!3, corresponding 
to drier, basic environments. Most of the substrate units 
from P8-P9 are accordingly located in ordination cluster 4 
in mesic and basic habitats. 

Thessecond#anletntrdscusstrate: unit eqroupsminable 18) 
correspond jtorordination clusters 1/and 2cromeneutral— 
acidic habitats. Vegetation attributes of substrate units 
P7-D4 (Table 18) provide a slightly different and perhaps 
clearer division into two groups than that obtained using 
moisture regime (Fig. 7). 

Vegetation groups on the differentiated table reflect 
moisture differences in abundance of species rather than in 
overall species richness. Major differences in species com- 
positionjaresconrelateduwitiesubstrategpH, whith singturn 
reflects differences between the two areas sampled. 


Substrate unit groups on the differentiated table 


have been designated as the following communities: 


(1) Cetraria cucullata - Thamnolia subuliformis - Cetraria 
tilesii, (Q)=Cetranlagerr ceoctorumeasCetrarla cuculiata — 


Peltigera rufescens, and(3)Peltigera aphthosa - Stereocau- 


lon alpinum 


(1) Cetraria cucullata - Thamnolia subuliformis - Cetraria 
tilesia (plates iy, 2) 
Cetramtamcuctelata, sCweL cold, and Thamnolia subulifor- 


mis are consistently common and frequent in substrate units 
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PLATES(2). 
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community on Prospect Mountain. 
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Two views of spotted tundra,.in the Cetraria cucul- 


lata - Thamnolia subuliformis - Cetraria 
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of this community type (Table 19). The fourth important 
Species is Alectoria ochroleuca, which has high cover but 
is unevenly distributed. It is most often found growing on 
the sloping or riser portion of vegetation stripes which 
have step-like relief. Stripes of this type were more com- 
mon on middle or lower slopes such as those in Prospect 
Stands.) sae mo mo Ticeeleee 
FrequentespeciesmincludesCetrariamivala seandsehnysconia 
muscigena with moderate cover; and Cornicularia aculeata, 
Cetraria ericetorum, and Dactylina ramulosa with low cover. 
Boch Cyt lest ands). svanulosasare particularly Character— 
istic of dry, basic substrates but seldom attain high cover 
values in the Alberta study areas. Sterile, colonizing 
thalli of Solorina spp. are also frequent on mineral soil in 


stone stripe substrate units. 


(2)) Cetrariamer covonunssmceurablanCucilatamrmee levuer a 
rufescens (Plate 3) 

Cetraria ericetorum and C. cucullata attain significant 
cover and frequency values in this community, as does the 
character-species Peltigera rufescens (Table 20). Cornicu- 
laria aculeata is frequently found with characteristically 
low cover, in comparison to Cetraria nivalis and Thamnolia 
subuliformis which have lower frequencies and higher cover. 
Stereocaulon alpinum and Parmelia taractica haye noticeably 
clumped distributions in this community type. Approximate- 


ly half the substrate units have scattered thiallivoL ehys cos 
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PLATE 3. Two views of the Cetraria ericetorum - C. cucullata - 
. SuSE Der eee ‘7 RT ene pee 
Peltigeralrufescens community on Prospect Mountain, 
pain Se “ae ss, oo hast meses | 
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TABLE 19. Macrolichen species in the Cetraria cucullata - 
Thamnolia subuliformis - Cetraria tilesii commu- 
nity (#1) in Alberta; mean cover, frequency (fre), 
and@coverevalueerange inm)3 substrate wunies. 


a 


Species Cover Fre Cover range 
Cetraria cucullata Aa 100% .45-414 266 
Thamnolia subuliformis oao2 LOO 250 —138 
Alectoria ochroleuca 3¢22 628 ~33515 708 
Cetraria nivalis 2.88 85° .50-10.08 
CFRCLLGSi 1 2a08 92 TOA S 
Physconia muscigena Ina 2 B58 33276950 
Cetraria ericetorum LALe O29 , 4 ar4525 
Cornicularia aculeata Lal? Tie, 34625 
Dactylina ramulosa oe Oa 2 eo 
Deearctica Soe 388 .50="23879 
Solorina spp. re C2 41" 1500 
Alectoria nigricans 2018 8 Le00 
A. chalybeiformis LO 8 aod 
Cetraria laevigata ~OF 8 Kpee! 
Peltigera rufescens ~05 8 58 
Stereocaulon alpinum 105 8 A538 
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TABLE 20. Macrolichen species in the Cetraria ericetorum - 
Cetraria cucullata - Peltigera rufescens communi- 
ty (2) Rane eAlbertayeamean cover, frequencvettre) , 
and cover value range in 9 substrate units. 
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Species Cover Fre Cover range 
Cetrarla ericetorum Bee 4 89 SS O= Oe 
C. cucullata 2570 100m 50-7 9%66 
Thamnolia subuliformis oot 78 .66- 9.25 
Stereocaulon alpinum Paks AA ©58=13400 
Peltigera rufescens oN esta, Fest R wea Vh8) 
Cetraria nivalis He 3 2 Lomge> 0= a rs00 
Cornicularia aculeata LO ee © QSOs 7 bia Oe 
Physconia muscigena L305 Sioa 7 22:55 14 840i 
Parmelia taractica 84 ib tse 
Alectoria ochroleuca Ads. Som AD eS ia. 25 
Cladonia pyxidata = Spal SOs eee 
Cetraria tilesil . 46 55m 229=.- 2550 
Cladonia pocillum ~42 ND ei ey eS) 
Dactylina arctica 336 ZERO AZ aA 
Hypogymnia oroarctica 25 Sores OU ae 00 
Leptogium saturninum ~ Hy 22gets50r £5/ 00 
Alectoria nigricans AL ID: 26 
Dactylina ramulosa Le 11 1:04 
Solorina spp. mol el noe 
Alectoria chalybeiformis - 06 ALA ~ av) 
Cetraria islandica .04 eA: 2355 
C. laevigata 205 EAE 25 
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nia muscigena, Cladonia pyxidata, Cetraria tilesii and Cla- 
conia poci lines tector a ochroleuca is much less important 
than in the@firstecommunity,sand) as replaced partiallyeby A. 


nigricans and A. chalybeitformis. in mesic, acidic habitats. 


(3) Peltigera aphthosa - Stereocaulon alpinum (Plate 4) 

The importance of differential-species Peltigera aphtho- 
sa and character-species Stereocaulon alpinum distinguishes 
this from Other communi ticess | Cetraria cucullatamalsoeattains 
high coven; DUurBOCCUReaAWI Lim oOWommEErec lence lable molar 

The three substrate units representing this community 
are all wet-meSic, acidic habitats with marked differences in 
species composition and abundance in comparison to either 
other community type. Wet or wet-mesic substrate units were 
small and infrequent in the Front Range study areas, so this 
community can only be characterized on a preliminary basis. 
Of the three substrate units, Dl appears to be transitional 
to the Cetrartamem cetonume-» CemCUCU ULALde elt Gobamiy 1 es— 
cens community. 

Rare species which. also characterize this wet-mesic or 
snowbed community include Psoroma hypnorum, Solorina crocea, 
Cladonia coccifera/metacorallifera and Nephroma expallidum 
(Table 18). The brown Cetraria species C. islandica attains 
its highest importance in this community, while C. Ssricecorum 
TSeintermedtate meandec. laevicatasis absent. Importance 
values for the six other constant species (Table 18) are due 


to occurrence in the transitional substrate unit Dl. 
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PLATE 4. Two views of the Peltigera aphthosa - Stereocaulon 
alpinum snowbed community on the Divide. Solorina 
crocea and Lepraria neglecta are also evident in the 
lower photo. 
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TABLE 21. Macrolichen species in the Peltigera aphthosa - 
Stereocaulon alpinum community (#3) in Alberta; 
mean cover, frequency (fre) and cover value range 
In oesulstrate units. 


Cover Fre Cover-range 


Peltigera aphthosa 7.14 ~ 106- 7.33-18.83 a 
Cétraria cucullate Spee is) Oa osteo 
Stereocaulon alpinum 3.08 100 °27591—" 4.50 
Cetraria ericetorum 2 2 130, Oster. Oe Aee Ss () 
Alectoria ochroleuca Fagen Os 33 6.16 
Thamnolia subuliformis 1-6 1 33 4.83 
Peltigera rufescens dE Hs OBO Sa mee 5 
Cladonia ecmocyna/gracilis pees) Olen oles 450 
Cetraria nivalis ~94 ty 2263 
Cladonia pyxidata als 33 Area 3 
Cm pocs Lom a4 oad 5 gases) 
Hypogymnia subobscura mys 83 Teale 
Cebraridal tslandica 3.6 C/o 0a 8258 
Nephroma expallidum SOAS) 3 aol 
Cornicularia aculeata SRS 33 mats} 
Leptogium saturninum = aby 33 50, 
Psoroma hypnorum ska 33 pa)e) 
Cladonia coccifera AY 33 noi, 
SOlorina crocea Ld Shs) a2) 
Cetraria tilesii .08 33 25 
Dactylina arctica .08 33 25 
Physconia muscigena 08 33 e259 


89 


The main differential-species of snowbed stand D6 was 
Lepraria neglecta, a white crustose lichen. This species 
contributed 42% of the total lichen cover in D6. High crus- 
tose lichen cover was not encountered in other substrate 


unLes. 


Yukon 
Environmental Factors and Vegetation 

Bray-Curtis ordination of macrolichen vegetation from 
Yukon areas shows two groups of substrate units (Fig. 8) 
which correspond to parallel Nahoni and Ogilvie coenoclines. 
Well-vegetated sites from both areas are at the lower left 
of the ordination (O5v, N2) grading to dry stone stripe sub- 
strate tuntts~at~the-upper-—right— (SOL,SN10).. 

Moisture regime and soil pH values for the Yukon were 
plotted on the ordination (Fig. 8). Each area exhibited wet 
meadows or snowbeds; mesic slopes; dry ridge and stone 
stripe jhabitats. The moisture complex-gradient) was there 
fore more clearly expressed in the Yukon than in Alberta 
Cig. tea G) 4 

Ks in the Alberta data, significantly different soil 
pH groups (Table 5) corresponded to differences in areas, 
with O04) and N5#@asmexceperons (Fig. SieueeThe former wasta 
meadow site with high similarity to Nahoni meadows, which 
seemed to override the substrate pH relationship. The N5 
stand was on a Nahoni outcrop of very low pH where vegeta- 


tion was more similar to Ogilvie substrate types than to 
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many in the Nahoni area. Stand placement in these two 
cases probably represents overlapping substrate complex- 
gradients. 
The slate outcrop at N13 is close to the regional divi- 
Sion line and is intermediate in substrate pH. The vegeta- 
tion data from this stand were extremely dissimilar to other 
Sites, which resulted in the central position of this stand. 
The synthesis of pH and moisture regimes (Fig. 9) shows 
the two parallel moisture gradients distinguished by subs- 
trate. Wet, mesic, and dry habitats are represented res-- 
pectively within Nahoni clusters 1-3, and within Oe 


clusters 4-6. 


Communities 

The vegetation in the Ogilvie area is qualitatively 
and quantitatively distinct from that in the Nahoni area. 
The first group of substrate units on the differentiated 
table (Table 22) is composed of all Ogilvie sites except 04. 
Thesorder Of substrate units in “this group is hionly simi lar 
EOuthnat along thesx—axise rom Cluster 4-6 (Pig.09 7 uimiusc— 
trating the comparability of the two ordination techniques 
used. 

Correlation of a moisture complex-gradient with these 
substrate units is represented primarily by variability in 
species importance, and secondarily by species composition. 

Substrate unit group 2 (Table 22) represents ordination 


Cluster 1 (Fig. 9). The substrate unit N5 is of sufficient— 
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FIGURE 9. Integration of moisture regime and substrate pH 
Onvthe ordination of Yukon substrate unite: 
(l)swety»basiic; (2) mesic, basic; (3) dry, basic; 
Vayeetr aclu1ce;o)omesie,eacloic; (6) dry acidic. 
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Ty Ow pl towbesgroupeda in Ordination cluster 5, "yet Nas 
vegetation attributes which are transitional to wet and mes- 
ic Nahoni sites. The second group of substrate units (Nl- 
N4) corresponds to the wet end of the Nahoni moisture com- 
plex-gradient. 

The relationship of*ordinatrvon™=crus ters land 4=rs 
based upon character-species for both substrate unit groups 
l and 2. This group of eight species ‘includes those from 
Cladina rangiferina (#6) to Peltigera aphthosa (#14) on the 
differentiated table. These species are found in wet to 
mesic sites in Ogilvie and Nahoni areas, with greater impor- 
tance in the Ogilvie sites. In other words, moisture regime 
can override the correlation of pH and species composition. 
However, the lower quantitative Nahoni values for these spe- 
cies may be evidence of a less pronounced environmental fac- 
€oresuchsas pH;.orn a,Lactor correlated with it. 

Mransitionai, substratesunits N6- SNL, NIS and Nsvare 
Simi Lar, LossubsStrate unity groupsec and 3, but haveysivohtly 
higher values within the group boundaries as delineated on 
Tables22. Kor .anstance, quantitative similarity values _of 
N15 place it in group 3, whereas qualitative criteria would 
Sli fwd it COmg LOUDe 

The third substrate unit group consists of dry and 
mesic, Nahoni sites. ._The mesic-dry sites.are on the left 
two-thirds of group 3 with the driest on the right, again 


corresponding to general x-axis order (Fig. 9). Species com- 
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position of this group compared to the other two, relates 
closely to the substrate pH difference between areas. Such 
differences are enhanced by the interaction of the moisture 
complex-gradient. 


Three lichen communities corresponding to the substrate 


unit groups are: (1) Cladina arbuscula/mitis - Cetraria 
nivalis =) Cladonia ‘coccrtera/metacorallafera: (2)beCetraria 


cucul latasaeDectylinageanctulcem=meetretamlacy gataymand 


(3) Thamnoltarsubulitormius/vermicularis,—) Cetrarvartamlesii. 


(1) Cladina arbuscula/mitis —*Cetraria nivalis — Cladonia 
COGCl eva /metacOral mite ram(E bare 5) 

Species of the Cladoniaceae account for 57% of the spe- 
cies richness in communities 1 and 2, with greater impor- 
tance in @chestorncr Gl adidas lus Cul aman Os Cem Nile com 
bined have the highest quantitative values in this community 
(Table 23). These taxa are morphologically identical, and 
were ConSpicuously present with. C.) rangi feriunaganethe ina jor~ 
ity of quadrats in each stand. The fourth reindeer lichen 
CG. ‘stellarissoccunsewi tithes Oo lNeroe DU isis  lessawidelyvedis— 
tributed. Related Cladonia species which are abundant and 
frequent include €.) coccifera/metacorallifera, C. ecmocyna/ 
gracilis Ce] crispatarandyC. uncialis. 

Seven differential-species are found in this community 
TCL irate Cocclfera/meatacorallitera,, C. crispata, Pelti- 
gera pulverulenta, CVAUOMMemmMaCroOpy Lido OLOLImaecLOCea, 


and Cetraria nigricans. Of these, C. nigricans and Cladonia 
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Two views of the Cladina arbuscula/mitis - Cetraria 
nivalis - Cladonia coccifera/metacorallifera communi- 


ty in the Ogilvie Mountains. Cladina stellaris is 


conspicuous in the lower photo. 
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TABLE 23. Macrolichen species in the Cladina arbuscula/mitis- 


Cetraria nivalis - Cladonia coccifera/metacoralli- 
fera community (#1) in the Yukon; mean cover, fre- 
quency (fre), and cover value range in 10 substrate 
uni-ts« 


Spectres Cover Fre Cover rance 
Cladina arbuscula/mitis 6.04 LOOM ISOS= lASS3 
Cetranian nivalis 4.93 100. eye] 1) 33 
Dacty lina arctica 4.40 40'0 S092 5 


Cetraria  LSlandica (lel! TOO 1 oe 133 
Cladina rangiferina : Wsnlihc Shee! Auay el 
Cetraria richardsonii .29 40°" = 50-710 5.00 
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Alectoria ochroleuca Ok 60). 50=1133 
Cladonia coccifera/metacorallifera ens’ 100 250+) 4.25 
C. ecmocyna/gracilis 0) 0 Olas 2 a Ore 


C. crispata 2 haemo memes One 
Dactylina ramulosa eee 6 AUD ASTER eh PAS 
Cetraria cucullata d06 Ole 0. ore oes 
TMhamiolta esubuliformis/vermicularis 1215 B07) 50 637. 75 
Sphaerophorus globosus ie 33) SOR Uae ee 
Cladonia uncialis pos £00 275= 74541. 
Peltigera pulverulenta ~14 30°" * -Se—""4.. 83 
Cetraria laevigata se 2 DOs F590 eles 
Peltigera aphthosa aa ie) Mi pe Mh gay Oi Sh te) 
Cladonia macrophylla see 6 Ole 2 ard OG 
Alectoria nigricans 49 Seer Ur Oo 
Solorina crocea -44 HON tel) fare 
Cetrarla nigricans aye ie) ae 2a 2.00 
Cladonia amaurocraea . 38 20 elec eee Oo 
Gee Dy slLoata wht 14 SUMED Oj ee Le 
Cornicularia divergens tis) PAO ep bel Ni AL el ORs: 
Cetraria ericetorum cele 10 dhe Ogs: 
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Psoroma hypnorum 2S 10 “ge! 
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coccifera/metacorallifera were otherwise encountered only in 
Nahoni stand N13. 

In the genus Cetraria, C. nivalis and C. islandica are 
more important quantitatively than Cop lacva gatas oreC pnigri- 
cans, and C. ericetorum is relatively rare. Cetraria cucul- 
iata has intermediate importance values to C. islandica and 
C. laevigata. In wet depressions C. richardsonii is impor- 
tant, and is Jess evenly dvstri puted within mustang: than the 
other abundant congeners. 

Oriy three regionally constant sspectccwcorn: cularia di- 
vergens, Cladonia pyxidata and Alectoria nigricans are impor- 
tant in this community. This may be related to the increas- 
ed numbers and abundance of differential- and Seeeersiersee 
species, compared to the other communities (Table 22). 

Both Solorina crocea and Sphaerophorus globosus are re- 
stricted to mineral soil in late snowmelt sites. In wet 
vegetatedusites large thalli of Dactylina arcticasare, f£re- 
quent, with high cover. Cladonia ecmocyna/gracilis and C. 
Cricpatasareeal somtoundein st0ls iablutat, where Choysare si n— 
terwoven with vascular plant vegetation. 

Driest sites in this community type are on exposed 
acidic outcrops dominated by the moss Rhacomitrium lanugino- 
sum, Cladina spp., Cetraria nivalis and Alectoria ochroleuca. 
The marked co-occurrence of these pale species suggests a 


relationship between plant color, and energy and water rela- 


tions in these sites. 
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The basidiolichen Coriscium viride was found in one 
stand (02) in Drvas octopetala vegetation. It is the only 
northern representative of this small and poorly understood 
Group. Of licheni zingmpiic iE neitomyecetativerstate 1t 
greatly resembles sterile Cladonia species, and because of 
this is probably more common in northern regions than col- 


lection records imply. 


(2) Cetraria cucuM@ata a Paccy  Miamcseclcam—ameetraria) lacvi-— 
gata (Plate 6) 

Cetraria Spectecmolcim om em—cUCl lata mcem 1s Landi ca, 
and C.. laevigata Ioccumw? ti gin redsecmimpertance in this 
community, compared to community 1. Conversely, most of the 
Cladonia species are present with lower relative importance 
values to those in the first community. Within the first 
15 species listed in Table 24, only Cladina arbuscula/mitis 
represents this lichen group. 

Nahoni snowbeds, mesic depressions and slopes are re- 
presented in this type. The first nine species (Table 24) 
are all abundant and robust in mesic to wet habitats. 
Sphaerophorus: globosus is also found on wet mineral soil as 
in the first community. Stereocaulon alpinum is present in 
mesic sites, although it is rare and quantitatively minor. 
The absence of Solorina crocea may be due to other habitat 
factors such as pH. 


Upland species are also found in this community, inclu- 


ding Cornicularia divergens, Asahinea chrysantha, and the 
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PLATE 6. 
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Two views of the Cetraria cucullata - Dactylina 


arctica - Cetraria laevigata community in tne Nahoni 


Range. | Cetraria richardsonii is conspicuous in the 
lower photo. 
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DREGE 24. “Macrolachen species “in the Cetrarra cucul late 
Dactylina Eenori cal’ Cetraria laevigata community 
(#2) in the Yukon; mean cover, frequency (fre), 
and cover value range in 9 substrate units. 
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Species Cover Fre Cover Range 
Cetraria cucullata re a7 IO 0eRel eee om... 
Thamnolia subuliformis/vermicularis 5.33 L000" 22-499 e978 
Dactylina arctica Bie Ole 2 OOM isles 3 
Cetraria islandica 4.25 BO) D5 (i) mses) 
C. laevigata B20 S008 = 5e—n6e7 0 
C. nivalis 218 69-1 e00=s oe 12 
Alectoria ochroleuca Te way, 73° 25 0— 550 
Cladina arbuscula/mitis Les Toop S58 ves 
Cetrarta rlehardson.. Thee’ AAS) aS 
Cornicularia divergens ie G5) 9 8 F9 Se Seed |: 
Asahinea chrysantha Naa) 5 Oey eee 
Sphaerophorus globosus 1 BEd. eee hey se mh 
Dactylina ramulosa .79 B93 Oa 
Cetraria tilesii ‘ nw) go 00S 
Cladonia ecmocyna/gracilis ART, Guan alos 
Cladina rangiferina 46 A Ae e 25—1 De s0'8 
Cladonia pyxidata -44 Ste 3 Soe 
Peltigera aphthosa aa) 44 229s | 
Alectoria nigricans 36 So" (250 —82 711.6 
Aeneid ba iS 22 2 eee OD 
Solorina’ spp, Pike 22) ae) Gee OO 
Peltigera malacea af 22 720 
Cladonia amaurocraea 06 igh Seye 
Hypogymnia subobscura BOG 11 = eye: 
Psoroma hypnorum .06 Ul, eos) 
Cladonia uncialis SOG 5a 25 
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ry 
a — 
i 
“ 
&& 
fe. % 
¢ i 
, f 
iy - 
<a 5 
i TF et 
od . 
2o.-b 
12 .? 
¢ 
PP ve 
2s fF 
ae. 
oo 
ay st 
tf] 
al 
et 


— 


ay 
»e 


a ee ae 
i ra 


‘ 


| 


a feet Se | 


i ae ~*~ we 


. 


¥ 


+} oils ate ni 


‘items 
oe , 
co! AL 
_ a 
/. Oe 
[ @os 
5 a 
HOF 
: 
ot 
ii 
2 
oa 
ec 
c¢€ 
et 
re 
5 
7 
i 


~~ 


wa 


—- 


ri: 16 ws 
; ls el 


a 
2i£ 


eh B' 


O5.€ 


y A 


ot? oy : 


‘ 4 


Ps a 
stegnen": Tal ok eens - 
- . ee a 
o- ans ii 
avs i 

4@ 


os q af ee et 


0 Be! 
- a ees or : ~ ae 
etiniuoistev\: fexorttl PSL 


i 2. <9 


nO 


tess important species Dactylina ramulosa, Cetraria tilesii, 


Cladonia pyxidata, Alectoria nigricans and A. nitidula. 


{735} Thamnolia subuliformis/vermicularis - Cetraria tilesii 
Species of mesic to dry habitats are most important in 
this community (Plate 7). The drier sites are characteriz- 
ed by greater importance of Thamnolia subuliformis/vermicu- 
laris, Cetraria tilesii, Asahinea chrysantha, Alectoria 
ochroleuca, A. nigricans, Cornicularia aculeata, Cem caver— 
gens, Parmelia separata and Dactylina ramulosa (Table 25). 
Species with mesic associations include Cetraria cucul- 
data, Ca istandica,"C. lecvigata, 'C. nivalis jand jDactylina 
arctica. Representatives of the Cladoniaceae are relatively 


Minor in thiss community stype- 


Nahoni Slate Outcrop Stand 

This and two other stands are discussed separately due 
to low similarity values with stands in the three designated 
communities. The slate outcrop stand (N13) is most similar 
to N15, buteis dissimplarstcscommunities 2eandes wiicisare 
both relatedeto NLS: 

The distinctiveness) Of Chis Stand 12S due wlargelymsto the 
dominance of Stereocaulon alpinum, which was rarely found in 
other stands. Vegetation data for this stand are otherwise 
characterized by hich species richness. with low cover for 
most species (Table 26). 

Some species such as Cetraria nigricans and Cladonia 


coccifera/metacorallifera are found exclusively in Ogilvie 
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PLATE 7. Two views. of the Thamnolia subuliformis/vermicularis - 
Cetraria tilesii.community..in..the. Nahoni Range. 
Asahinea chrysantha and Cetraria Pacvigatalarescon] 
Spicuous in the lower photo. 
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TABLE 25. Macrolichen species in the Thamnolia subuliformis/ 
vermicularis giGetraniantilesizicommnity., (¢2)ean 


the Yukon; mean cover, frequency (fre), and cover 
Value ranqe in 16 substrate units. 


os 


A a a 


Species Covers Pre Covertrange 
Thamnolia subuliformis/vermicularis 49% LOO 1224 h4soG 
Petr avian tilesis 


ee 32 LOO e250 =e Ss 
Cancucuoilata 


SOLE LOO eles 0 Sar eore OG 
Asahinea chrvsantha Arad | 94 Oa 
Cetraria islandica Peas 94 20 
Orgone s Anse) 88 aver 
Dactylina arctica 81 ae oy Oke 
Cetraria laevigata 
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Cornicularia divergens Rye: 81 BA AN 
Parmelia separata le 88 Ce eso 5 
Dactylina ramulosa 02 56 .50- 4.00 
Hypogymnia subobscura 269 36 Sh Se SEs. 
Alectoria nigricans .68 50 eS aeoe eG 
Cornicularia aculeata Peer) 36 RO Ge eS 
Cladina arbuscula/mitis 229 36 220) 1508 
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TABLE 26. Cover class values for macrolichen species in the 
Nahoni slate outcrop stand N13. 


EE SITS DPE TSAR PN CREE cs ASR PNET Sa sens, Sg 
Species Cover class 
Stereocau.lon.alpinum 

Thamnolia subuliformis/vermicularis 
Cetraria nivalis 

Sphaerophorus globosus 
Cornicularia divergens 

Alectoria nigricans 

Hypogymnia vhysodes 

Cladonia ecmocyna/gracilis 
Parmelia separata 

Alectoria pubescens 

Cetraria nigricans 

Cetraria cucullata 

Hypogyinia subobscura 

Alectoria nitidula 

AS ochroleuca 

Asahinea chrysantha 

Cladina rangiferina 

Cetraria ericetorum 

Cladina arbuscula/mitis 

Cladonia uncialis 

Asahinea scholanderi 

Dactylina ramulosa 

Cladonia coccifera/metacorallifera 
Cornicularia aculeata 

Cladonia amaurocraea 
C...macrophyllodes 
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Sites except for occurrence in this stand. Asahinea Scho= 
landeri is encountered only in this outcrop vegetation. 
Reasons for the distinct combination of species compo- 
Sition and relative importance values cannot be readily 
determined from these data. Perhaps the small slate fraqg- 
ments afford a unique combination of dry acidic substrate 


CharacteGr®sticsvin a region of predominantly basic habitats. 


Nahoni Wetland Stands 

These hydric sites were sampled differently than other 
stands (see Methods) to provide general information on the 
far end of the moisture complex-gradient. Stand Rl is a 
Betula glandulosa - Rubus chaemaemorus - Ledum palustre 
streamside community, and stand R2 is dominated by Eriovhor- 
um vaginatum with Carex biglowii and C. oederi. The terrain 
is underlain by permafrost, and vegetated hummocks are inter- 
spersed with wet areas or standing water. Both stands are 
Gissimilar to the three described macrolichen communities. 

In Rl the important macrolichen species on upper hum- 
mocks include Peltigera aphthosa and Cetraria cucullata, 
with Cladonia chlorophaea, Dactylinavarciica and Cladinaguang— 
iferina (Table 27). Major species of lower hummocks are 
Cladina arbuscula, Dactylina arctica and Nephroma arcticum. 
Dhemiast specressis only found: insvery wert esites. 

The upper portion of Eriophorum vaginatum tussocks has 
high cover of Cetraria cucullata and Cladonia amaurocraea. 


Lower tussock habitats are dominated by Cladina arbuscula 
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TABLE 27. Cover class values for macrolichen species in the 
Nahoni wetland stands Rl and R2. 


SS ee RE I IE Et NE EO ie ae a 
A ee tena 


ee. 


Rl 

Cetrarla cucullata 
Peltigera aphthosa 
Dactylina” arctica 
Cladina arbuscula 
Nephroma arcticum 
Cladonia amaurocraea 
Cradamarrengrrerina 
Peltigera canina 
Cetraria nivalis 
Ceenrchardson ii 

C. islandica 
Cladonia chlorophaea 
Cetraria pinastri 
Cladonia cornuta 

Gu, gonecha 

Peltigera pulverulenta 


R2 

Catrania wcucililata 
Cladonia amaurocraea 
Cladina arbuscula 
Cetraria islandica 

Creni vais 

Cladonia chlorophaea 
Cladina rangiferina 
Peltigera aphthosa 

P. canina 

Dactylina arctica 
Cetraria richardsonii 
C. laevigata 
Thamnolia subuliformis 
Asahinea chrysantha 


Cover classes: 
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and Cetraria "cucullata=* Species which are found in-either 
microhabitat for both stands include C acucullatassCladina 
rangiferina and Cladonia amaurocraea. Other generally dis- 
trtbuted ‘species are “Cetraria nivalis, G@ aslandica,, Cladina 
arbuscula, Cladonia chlorophaea, and Peltiagera aphthosa. 
Cetraria richardsonii is the only species restricted to a 


lower hummock microhabitat in both stands. 


Fellfields 

Fellfields were rarely encountered in the study regions 
due to the predominance of unsuitable rock types. Only one 
fellfield site was found in each of the Divide and Ogilvie 
areas on sandstone and granite, respectively. 

The sampling procedure was established for rock sur- 
faces greater than 10 x 10 cm on the most poriconce Surilace 
(see Methods). This allowed general description of macro- 
lichen vegetation, without assessing the additional zonation 
along corners and sides of rocks. 

Macrolichen vegetation from both fellfields is summari- 
zed in Table 28. Several species appear to be restricted to 


rock habitats, including Alectoria minuscula, A. pubescens, 


Cetraria hepatizon, Hypogynmia oroarctica, Parmelia alm- 

quistii, Es centrifuga, P. panniformis pl -msaxetl lis; sumo 
icaria cylindrica, U. hyperborea, U. phaea and U. probosci- 
dea. Small pockets of soil on the rock surfaces support the 


terricolous species Alectoria ochroleuca, Cladonia cocci- 


fera/metacorallifera, Dactylina ramulosa and Thamnolia 
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TABLE 20. Cover class values for macrolichen species in 
fellfield stands O02 and D3, and inter-stand 
Sima ty 2 
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O2 Cover class 
Umbilicaria hyperborea 

Umbilicaria proboscidea 

Cetraria hepatizon 

Parmelia centrifuca 

Parmelia panniformis 

Cetraria nigricans 

Alectoria ochroleuca 

Parmelia almquistii 

Cladonia coccifera/metacorallifera 
Alectoria nigricans 

Alectoria pubescens 

Hypogymnia oroarctica 

Umbilicaria phaea 

Thamnolia subuliformis/vermicularis 
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Dye 

Umbilicaria hyperborea 
Alectoria minuscula 
Hypogymnia oroarctica 
Umbilicaria proboscidea 
Alectoria pubescens 
Parmelia saxatilis 
Umbilicaria cylindrica 
Dactylina ramulosa 
Thamnolia subuliformis 
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Cover classes: 


+ = less than 13% 
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3 = 16 - 30% 

Percent Similarity (PS) = 362 
Coefficient of Community (CC) = 43% 
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subuliformis/vermicularis in the Ogilvie site. 

Similarity between fellfields was assessed with coeffi- 
cient of community and percent Similarity indices for macro- 
lichen data (Table 28). The former index produced lower 
Similarity values for fellfields than for other Ogilvie and 
Divedersites! (Tablewl7js Srhistsugqgests@reqionalefioristirc 
dissimilarity, which is amplified by greater species rich- 
ness in the Ogilvie fellfield. Low percent similarity be- 
tween fellfields indicates that species in common do not 
exhibit importance trends which are sufficiently similar to 
override importance values from additional species. 

Fellfields are characterized by several crustose 
lichens in addition to macrolichens. The rock surface 
microhabitat favors crustose lichens over most plant groups, 
although competitive and successional interactions are not 
known. It is perhaps more suitable in fellfield studies to 
describe crustose lichen species and cover values along with 
macrolichens, than to assess macrolichens alone. Common 
crustose genera in such habitats include buelizay=Calopllaca, 
Rhizocarpon, Sporostatia and Staurothele. Relevant studies 
of crustose and macrolichen species in fellfields may be 
found in Bryant and Scheinberg (1970), Bird (1974a, 1974b), 


Daniéls (1975) and Kuchar (1975). 
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Integration of Macrolichen and Vascular Plant Communities 
Alberta 

Partial correspondence of the macrolichen and vascular 
plant communities is due to an unequal number of designations 
(Fig. 10). Communities have been independently derived in 
each data set to provide convenient plant-habitat references. 
However, these designations tend to conceptually eliminate 
the original vegetation gradients which are evident in the 
extensive overlap of communitiesJin Fig. 107 

The major implication of overlapping communities is 
that responses to environmental factors vary between differ- 
ent groups of plants. In this case, macrolichen community 1 
is found in vascular plant communities 1 and 2 in dry habi- 
tats with basic substrates. In mesic substrate units of 
vascular plant community 2 there is a shift to the second 
Mmacrolichen group. This macrolichen community is most close- 
ly associated with mesic and acidic vascular plant group 3, 
and is also represented in the fourth community. Macrolichen 
community 3 is also found with both vascular plant groups 
3 and 4. 

Lichens are long-lived, and may not be influenced 
directly by the same time factors which affect vascular 
plants. Thus, macrolichens may not exhibit comparable spe- 
cies groups or communities to those of vascular plants at a 
given point in time. However terricolous alpine macrolichen 


species are found in close association with slowly growing 
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MACROLICHEN 
COMMUNITY VASCULAR PLANT 
COMMUNITY 


I. 
CETRARIA CUCULLATA | rE 
THAMNOLIA SUBULIFORMIS |{__ —— 
CETRARIA TILESII aot 


DRYAS INTEGRIFOLIA 


CAREX RUPESTRIS 


2. 
DRYAS INTEGRIFOLIA 


OXYTROPIS PODOCARPA 
SALIX NIVALIS 


(i, 


CETRARIA ERICETORUM 
CETRARIA CUCULATA 
PELTIGEPA RUFESCENS 


&) 
DRYAS INTEGRIFOLIA 
HEDYSARUM ALPINUM 
ANDROSACE CHAMAEJASME 


INCREASING MOISTURE 


Fe). 
PELTIGERA APHTHOSA 
STEREOCAULON ALPINUM 


INCREASING SUBSTRATE 


4. 


SALIX NIVALIS 
ARTEMISIA NORVEGICA 


FIGURE 10. Interrelationships of macrolichen and vascular 
plant communities in Alberta along complex- 
gradients of moisture and substrate pH. 
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plants like Dryas spp. which influence several of the physi- 
cal microhabitat parameters. Therefore, macrolichen commun- 
ities could be expected to vary with vascular plant vegeta- 
ETON. 

The greater number of vascular plants than macrolichen 
Species may be important in the differences between plant 
communities. Greater competition and narrower ecological 
amplitudes could be expected for many of the vascular plants 
than for the small number of more widely distributed macro- 
lichens. This would partially explain the discrepancy be- 
tween community designations, as well as the greater implied 
sensitivity of vascular plant species to environmental com- 


plex-gradients. 


Yukon 

Community designations for vascular plants and lichens 
exhibit a high degree of correspondence in the Yukon areas 
Cha Gare) % Only two Nahoni substrate units are displaced 
and both shift from macrolichen community 2 to vascular 
plant group 1. These wet sites (N2, N5) have comparable 
similarity values to each of the first two vascular plant 
communities, so this relocation is not a significant discre-- 
pancy. 

The correlation between plant communities (Fig. 11) 
contrasts with results from Alberta. This may be due to a 
clearly defined moisture complex-gradient and higher macro- 


lichen species richness in the Yukon data. The greater 
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CETRARIA TILESITI 


DRYAS OCTOPETALA 
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DRYAS OCTOPETALA 
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INCREASING MOISTURE 


CETRARIA CUCULLATA 
DACTYLINA ARCTICA pee ASTRAGALUS UMBELLATUS 
CETRARIA LAEVIGATA SALIX ARCTICA 


INCREASING SUBSTRATE pH 


MIEEIS — VACCINIUMS#VITIS= [DAEA 


CETRARIA NIVALIS 
CLADONIA COCCIFERA/ 
METACORALLIFERA 


I. 
CLADINA ARBUSCULA/ 


DRYAS OCTOPETALA 


VARIABLE MOISTURE 


FIGURE 11. Interrelationships of macrolichen and vascular 
plant communities in the Yukon along complex- 


gradients of moisture and substrate pH. 
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number of species suggests that patterns of ecological am- 
plitude are more similar in both groups of plants, which 
would promote parallel vegetation changes along environmen- 
tal complex-gradients. 

Based upon results from this investigation, vascular 
plant communities in the Yukon study regions reflect terri- 
colous macrolichen communities. Such correlation may have 
high predictive value in other northern Yukon regions. In 
contrast, the Front Range environment in Alberta shows less 
precise correlation of macrolichen and vascular plant commu- 
nities. The degree of correspondence is sufficient for gen- 
eral predictive purposes and is most appropriate for dry 


sites in the Front Ranges. 


Species Response Patterns 
Introduction 

Individual macrolichen species have previously been men- 
tioned in the context of plant communities. In this section, 
macrolichen species are examined individually with species 
population response patterns (Whittaker 1973a) derived by 
ages sonny: cover values on the regional ordinations. Since 
the ordinations display parallel gradients of moisture and 
substrate pH for the areas in each region, the ecological 
importance of these factors can be visually estimated for 
each species. The ecological amplitude of each species is 
graphically approximated by the response pattern, and can be 


compared with those of other species in the area or region. 


al ot ee mre a ae : 
ae er SAS iene } 


Mints 


~~ : * ae 
PR ried 
: 7 7 < — are 
solpougy. ,Aeteabitepveat etdg mort 22 oe " | 7 


~itsed Jor See enuhget: CaNee ak aad Ht Oo 3m 
svc yen aeiegloxsoo sa08 .2ei2 Lawamo3. | 
az 6. snolger. node scxeettr2ce -vertso: 4 suls 
set evote ojasdls at segmuondven epmet Janse, ails 
aun tual sahioway Des worietionsam to aoljaiexgoo 


. srojottiys, el sgaebnog—eeiz09 20 steed. amt 


oc 


is a 


. rae Wu 


vid pot stelaqorges. trem ai ites —eTen 
<7 rr short. 


notisuboxt at 

“Rom Neod yiawonenag avert getoses norfyt loyosm 
Hetsace cit) at  aeteineieeen Saelq 20 dxede0o odd 
feinnge div itaweinthas berimsx® 956. bares 
vd bawkoet ahaa vested. ith 21atI0q 


ice 


The ordinations used to construct the species popula- 
tion response patterns are those in Figures yaad eo mise 
environmental parameters indicated along the axes. All cover 
values have been returned to cover classes, and are grouped 
with isodems (Whittaker 1973a) to facilitate interpretation. 

Response patterns of macrolichen species are placed 
into six ecological groups (Whittaker 1973b) based upon sub- 
strate pH association as follows: (1) ubiquist (common with 
wide ecological amplitude); (2) common on both substrates 
with greater importance values on acidic substrates; (3) ex- 
clusively found on acidic substrates; (4) equally represen- 
ted on both substrates; (5) common on both substrates with 
greater importance values on basic substrates; and (6) ex- 
clusively found on basic substrates. 

Since general differences in areas are indicated in the 
substrate pH gradients, these values are used instead of 
moisture regime in determininc ecological groups. Species 
within each of these groups have differing ecological ampli- 
tudes - which are related to a moisture complex-gradient. 

Rare species are included in the) six categories Of res- 
ponse patterns in one of the two restricted groups (3 and 6). 
These species can thus be tentatively evaluated, without 
overestimating importance. The value of including such spe- 
cies in this section is to compare population responses in 
different regions, especially in cases where a species is 


significantly more important in one region than in thevother. 
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Alberta 

(1) Ubiquists 

There are five common and abundant species in the ubi- 
quist group (Fig. 12). Cetraria cucullata and Thamnolia Sub 
uliformis are the most evenlv distributed across the ordina- 
tion, and both attain highest cover in the mesic sites. 
Cetraria nivalis and Cornicularia aculeata are also frequent 
but have higher cover values in the basic sites. In contrast 
Cetraria ericetorum has greatest importance in mesic and aci- 
dic sites. Of these species, C. cucullata seems to be the 


most important macrolichen when comparing all sites. 


(2) Common Species on Acidic Substrates 

All species of this group are relatively infrequent, 
and occur more often in acidic than in basic sites (RUG eS je 
Peltigera rufescens is the most common species with highest 
cover in mesic and acidic Prospect stands. However, it is 
most frequent in Divide vegetation substrate units. Cladonia 
pocillum has a similar but more limited response pattern. 
Both species are restricted to mineral soil, where they 
apparently colonize readily and their abundance may be more 
dependent upon availability of soil rather than soil attri- 
paees Cetraria laevigata (Fig. 13) ,andsAlectoria cshaiyber— 
formis are both infrequent, with marked association with 


acidic substrates. 
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Response patterns of macrolichen species in Alberta 
sites: common on acidic substrates. 


(3) Species Exclusively on Acidic Substrates 

Stereocaulon alpvinum/rivulorum and Cladonia pyxidata/ 
macrophyllodes exhibit high frequency on acidic sites (Page 
Ya). This is accentuated in each case by combining taxa, 
which was done because field determinations were not feasi- 
ble. Peltigera aphthosa is of low frequency but high cover 
in mesic acidic sites (Fig. 14). Species of minor occur- 
rence and importance include Alectoria nigricans, Cetraria 
islandica (Fig. 14), Leptogium saturninum and Cladonia ecmo- 
eyvna/gracilis. 

Three restricted snowbed species Cladonia coccifera, 
Nephroma expallidum and Solorina crocea are also in this 
group. Hypogymnia subobscura and Psoroma hypnorum are found 
Pneonewmesic Divide Gtand. SCaroncy Ofvact?dl ceareds el scmpalL— 
tially responsible for low frequencies in this group of 


species. 


(4) Common Species cn Both Substrates 

The only species of similar response on both substrates 
isapactylina arcticas (Hig. 14)."ethe abundance of this espe- 
cies on mesic sites indicates that moisture is more impor- 


Can Cetnanesubstrace acidity. 


(5) Common Species on Basic Substrates 
Common species on basic sites include Alectorialochro= 
leuca, Physconia muscigena and Cetraviamtulesig se (Eo Lo) 


All occur on acidic sites as well, but with reduced cover 
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and frequency. Alectoria ochroleuca is the only species 
with a distinct arrangement of cover values. The pattern 
partially correlates with moisture, and is more closely re- 
lated to increase in total vegetation cover. This is con- 
sistent with field observations where Ae ~OoChroleucGasthalis 


were best developed on stable, well-vegetated mesic slopes. 


(6) Species Exclusively on Basic Substrates 

The only species restricted to basic substrates are 
Dactylina ramulosa and Solorina spp. (Fig. 15). The former 
is more important in mesic sites, while the latter is even- 
ly distributed. With’ the addition of group 5 (three spe- 
cies) and two species from group 1, there are fewer species 
associated with basic than with acidic habitats. This may 
be due to the prevalence of dry, discontinuous and relative- 


ly species-poor vegetation in these areas. 


Yukon 

(1) Ubigquists 

The ubigquist group includes Dactylinalarctica,@Cetrania 
islandica, C. nivalis (Fig. 16), Thamnolia subuliformis/ 
vermicularis, C. cucullata, C. laevigata, and Alectoria 
ochroleuca (Fig. 17). Of these, D. arctica (Fig. 16) shows 
the strongest association with wet and mesic sites, with 
lower importance in drier areas. Cetraria islandica exhi- 
bits a similar tendency, but is not as abundant in wet 


sites and maintains importance in drier sites. The pattern 
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FIGURE 17. 


Response patterns of macrolichen species in Yukon 


sites: ubiguists. 
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OfeCanivalvs 1S¥similar toethat of C.wistlandica, but sthe 
former has higher importance in the entire mesic region of 
the ordination. These three species are the most pronounced 
generalists, yet all have distinct and unique habitats in 
which importance is maximized. 

The four remaining species in this group (Fig. 17) show 
a minor qualitative decrease in Ogilvie sites. The greatest 
importance of Cetraria cucullata and Cay laevigatamsmin Naz 
honi snowbeds, with mid-range values in wet to mesic Nahoni 
Sites and lowest values in dry sites of both areas. Thamno- 
liaesubulitonmis/vermicularis and Alectoria ochroleuca exhi— 
bit mesic versions of this pattern. Since none of these 
Species is apparently restricted by either moisture or pH 
alone, there is some other reason why these generalists are 
less successful in the Ogilvie sites. One possibility is 
thatrcompetition from a group of specialists® Limits these 


generalists on acidic substrates. 


(2) Common Species on Acidic Substrates 

The largest response pattern in this group is that of 
Cladonia ecmocyna/gracilis (Figes 8)geet hi camay soem CUemLO 
combining the two taxa, if they actually have different habi- 
tat requirements. All but one Ogilvie site is included in 
addition to less than half the Nahoni sites. Most Nahoni 
occurrences are on acidic substrates. 

Species of local abundance include Cladina stellaris, 


C. arbuscula/mitis, Cladonia uncialis, and Cladina®rangifer= 
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FIGURE 18. 


Response patterns of macrolichen svecies in 
sites: common on acidic substrates. 
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ina (Fig. 18). All occur in wet and mesic Nahoni sites, 

but achieve much greater cover in Ogilvie sites. These spe- 
cies seem to have broader tolerances to different moisture 
regimes when the substrate is acidic. 

A subgroup of four species is completely restricted to 
the Ogilvie area with the exception of one dry and acidic 
Nahoni stand (N13). The species are absent from most Nahoni 
Sites due serene to specialized habitat requirements. In- 
cluded are Cladonia coccifera/metacorallifera (Fig. 18), 
Cetrania nigricans, Cladomaa amaurocraca (Fig. 119) and Cc: 
macrophyllodes. 

The remaining four species are Sphaerophorus globosus, 
Petranlaberigetorum, Stereocaulon@alpinnms (Fig. elo )mande hele 
mieragmalacea. These are; all relatively uncommon, and occur 
in some Ogilvie stands as well as in acidic Nakoni stands 
(emcee Ni 3; NS). Of these, Si) globosustisetne mos te common sn 0 


both areas and is restricted to wet-mesic mineral soil with 


low pH. 


(3) Species Exclusively on Acidic Substrates 

sxe most common species which occur only in the Ogilvie 
area are Cladonia crispata, Solorina crocea, Peltigera pul- 
verulenta and C. macrophylla (Fig. 20). Rare species in- 
clude C. bellidiflorca,; Psoroma hypnorum, and Peltigera ruf- 
escens. 

Groups 2 and 3 include 22 species which are poorly re- 


presented or missing outside the Ogilvie sites. inese 


Sige sing ove et et ee | <a, | 
oxudeion Suwaentl6’ od weonsselar aol ecg ia 
of betostsess ylevelqnos eat wot 30 4 Pena a 

sists tan ‘geben So noditqeons arts aii oshe siyltes stn 


ioeret seat goat daoedh ota esiasqe oat 12h), pee * “as 
ant .ssconertapen teticded bertinipeqe oF agertiog aa cet 


s(é8l ai FT} [toa 4 A ¥ ft 


p brs stet ekH vensseivone soba =o sl 
mea 


ceurodesn eUvedgeiiensas Son totoege avo? yaladamen |  Sneee 
iow bes (21 i928) gtr kghe gotveqomtes? «musosso Ses ERRES 

7 

9 


sgoon bes ,nommosas yfevigetles [fs oss a2ohT -soaiem 

shoass trots o8bIea ables Liew es ebaess. otylivo | 

xi nommon deem eft 2d egsgdaip .2 «deed? 20° tam: ete 
doiw Lloe Lexenim olzem—tew od bevotziecx ef bne- 


ae oo ao 


duseadades otbton 20 one: 
siviig? wig ab ine su00e Haid celooqe samme 380m 


Cetraria nigricans 
WET MESIC DRY 


ACIDIC 


ACIDIC 


SUBSTRATE pH 


BASIC 


BASIC 


WET MESIC DRY 
MOISTURE REGIME 


Sphaerophorus globosus 
WET MESIC DRY 


ACIDIC 


ACIDIC 


SUBSTRATE pH 


BASIC 


BASIC 


WET MESIC DRY 
MOISTURE REGIME 


Stereocaulon alpinum 


veo 


Cladonia amaurocroea 
WET MESIC DRY 


ACIDIC 


SUBSTRATE pH 
ACIDIC 


BASIC 


BASIC 


WET MESIC DRY 
MOISTURE REGIME 


Cetraria ericetorum 
WET  MESIC DRY 


ACIDIC 


rae 
f=] 
we 
Ee 
a . 
a 
= 
an <4 
a n 
rH) < 
n oa 


BASIC 


WET MESIC DRY 
MOISTURE REGIME 


WET MESIC DRY 
: 
a 
3) 
—¢ 
ae 
ie 
¢€ 
wed 
< 
& 
no 9 
iia) Yn 
5 <a 
a ao 
2 
” 
a 
fea} 
WET MESIC DRY 


MOISTURE REGIME 


FIGURE 19. Response patterns O 
sites: common on a 


f macrolichen species in Yukon 
cidic substrates. 
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FIGURE «20: 


Response patterns of macrolichen species in Yukon 
sites: exclusively on acidic substrates. 


Low 


populations seem to be specialists for the acidic habitats 
in this area, which would explain their restricted abundance 
patterns, as well as the minimal importance of four general- 


ESuespecies =trom group: ly (Fig. 17). 


(4) Common Species on Both Substrates 

three species are equally important in both areas. AL? 
are found in wet-mesic habitats and are apparently dependent 
upon moisture regardless of other environmental factors. 
Cetraria richardsonii shows the highest importance values of 
the three species, with negligible cover or frequency in 
mesic sites (Fig. 21). Peltigera aphthosa is slightly more 
important in Ogilvie sites. Nenhroma expallidum is infre- 
quent in Ogilvie sites and is restricted to very wet Nahoni 


stands. 


(5) Common Species on Basic Substrates 

Four species are found commonly in the Nahoni and are 
less quantitively important in the Ogilvie area. Of these, 
Dactylina ramulosa is most important in mesic Nahoni sites, 
with a broader moisture tolerance or requirement in Ogilvie 
sites (Fig. 22). Since populations of D. ramulosa respond 
differently in these areas, the group designation for this 
species was based upon greater total importance values in 
the Nahoni area. 


Cornicularia divergens, Cladonia pyxidata/pocillum and 


Alectoria niagricans are abundant in the mesic Nahoni region 
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FIGURE 21. Response patterns Oo 
sites: common on 4a 


f macrolichen species in Yukon 
cidic and basic substrates. 
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of the ordination (Fig. 22). Alectoria nigricans shows a 
tendency toward greater importance in less basic and mesic- 
wet sites. 

These species characterize well-vegetated dry to mesic 
Nahoni areas. Cladonia pocillum and C. pyxidata are usually 
found on mineral soil, which is continually available due to 
frost action’ and animal activity. This habitat represents a 


patchy microenvironment within vegetated sites. 


(6) Species Exclusively on Basic Substrates 

A group of seven species is restricted to mesic and dry 
habitats in Nahoni sites. Cetraria tilesii and Asahinea 
chrysantha are the most common species, and both attain high 
PipOmealces Valles sineMnest cus ttcSm(l 19.73) eebo Ge | emo eDaiss 
atavand SOlorina spp. are also common with evenspatterns of 
importance values. The other three species are less fre- 
guent (Fig. 24) and Cormicilerta aculeata Shows the  driese 
association of these. Hypogymia subobscura and Alectoria 
MErciaulamane woch centred in mesic Stands. meine pattern or 
A. nitidula closely resembles that of A. Tg DC c Sam Bee eae 2) 
but shows a narrower ecological amplitude. 

This group may include calcicoles as well as Beringian 
populations which have not dispersed into the Ogilvie area. 
Cetraria tilesii, Asahinea chrysantha, Parmelia serene, 
Solorina sSpps,).and Cornicularia aculeata may be calcicoles 
based upon these data. Alectoria nitidula and Hypogymnia 


subobscura are not because the former is found on dead sedge 
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FIGURE 23. Response patterns of macrolichen species in Yukon 
Sites: exclusively on basic substrates. 
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Response patterns of macrolichen species in Yukon 
sites: exclusively on basic substrates. 


ths) 


mats, and the latter is associated with slate areas or mesic 
sites. 

Asahinea chrysantha, P. separata and H. subobscura are 
probably restricted to the Nahoni area due to poor dispersal 
ability. None of these species has reproductive structures, 
and all possess a thick thallus which does not fragment 
Gasiiy. One tiny thallus of A. chrysantha was found in the 
Ogtiviesarea, but its lack»of tsuccess could be due to a var— 


iety of factors, including recent establishment. 


Integration 

The six categories of species response patterns in each 
region are compared in Table 29. Of the 23 taxa common to 
both regions, only three ubiquists and three species from 
other groups exhibit comparable substrate Pelee anette 
The remaining ubiguists are> less frequent in the other re- 
gion due to narrower moisture range or substrate pH associa- 
pale yay 

The ubiquist patterneommcetraria eri cetorum ingAlberta 
may be due to the greater tolerance this species has to the 
arid southern Rocky Mountain environment in the Front Ranges. 
This type of habitat restricts congeners C. islandica and C. 
laevigata. Another species, C. richardsonii WS tissingeats 
together from Alberta. Cetraria ericetorum is not as impor- 
tant in cover nor as widely distributed in the Yukon where 


there are several other Cetraria species including C. nigri- 


cans, C. delisei, C. andrejevii, C. elenkinii, C. islandica, 
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TABLE 29. Ecological grouns of macrolichen species in both 
study regions based upon substrate associations of 
population response patterns. 


ae ese ee eh ee 
See et te Re Sie i eee Te Tae i ol Wee 


ALARERTA YUKON 

Ubiquists 

Tetraria cucullata Cetraria cucullata 
Cetraria nivalis Cetraria nivalis 
Thamnolia subuliformis Thamolia subuliformis/ 


vermicularis 
Cetraria ericetorum 
Cornicularia aculeata 
Alectoria ochroleuca 
Cetraria islandica 
Cetraria laevigata 


Dactylina_arctica 


Common on acidic substrates 

Kiectoria chalybeiformis 

Cetraria laevigata 

Cladonia pocillum 

Peltigera rufescens 
Cetraria ericetorum 
Cetraria niqricans 
Cladina arbuscula/mitis 
Cladina rangiferina 
Cladina stellaris 
Cladonia amaurocraea 
Cladonia coccifera/ 

metacorallifera 

Cladonia ecmocyna/aracilis 
Cladonia macrophyllodes 
Cladonia uncialis 
Peltigera malacea 
Sphaerophorus globosus 
Stereocaulon alpinum 


Exclusively on acidic substrates 
Solorina crocea Solorina crocea 
Psoroma hypnorum Psoroma hypnorum 
Alectoria nigricans 
Cetraria islandica 
Claconia coccifera 
Cladonia ecmocyna/ 
gracilis 
Cladonia pyxidata/ 
macrophy llodes 
Bypogymnia subobscura 
Leptoagium saturninum 
Nephroma expallidum 
Peltiocra aphthosa 


Stereocaulon alpinum 
Cladonia bellidiflora 


Cladonia crispata 
Cladonia macrophylla 
Peltigera pulverulenta 


Peltigera rufescens 


Common on both substrates 

Bactylina arctica 
Cetraria richardsonii 
Nephroma expallidum 


Peltigera aphthosa 


Common on basic substrates 

RYectoria ochroleuca 

Cetraria tilesii 

Physconia muscigena 
Alectoria nigricans 
Cladonia pyxidata/pocillum 
Cornicularia divergens 


Dactylina ramulosa 


Exclusively on basic substrates 
Solorina spp. Solorina spp. 


Dactylina ramulosa 
Alectoria nitidula 


Asahinea chrysantha 
Cetraria tilesii 
Cornicularia aculeata 
Hyvoaymnia subobscura 


Parmelia separata 
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Com acvigata, (Ge richardsonii and C. kamchatica. 

Cornicularia aculeata in Alberta may be Similarly bet- 
ter adapted to the southern mountains in comparison with Ce 
divergens. Where these are allopatric, thetmuarescoonsec to 
Gry Dasic. Substrates are Similar. However, where they are 
Sympatric, C, aculeata is limited to the driest sites. 

The Yukon ubiquist Cetraria laevigata shows greatest 
cover in Nahoni snowbeds, and is restricted in Alberta to 
one Divide site and a mesic Prospect site. This suggests 
that the species responds as a mesophyte in both regions, 
ancenas a lpbroOad tolerancevof substrates vari abioty eis 
mesophyte response is also evident for Dactylina arctica in 
botheecgions. )/Cetrarite is lands ca may oeulessmt otenanteoe 
basic conditions in Alberta, as it is a general mesophyte 
in Yukon sites but is only abundant in Dividé stands. 

Dactylina ramulosa and Cetraria tilesii shift habitat 
groups in the two regions, with the former being more wide- 
Spreadeinthe Yukon. Both = Dacty bina Species smatntameticix 
substrate relationships in the two regions, while both 
change categories due to lower frequencies in Alberta. 
Microclimate may be less favorable in the Front Ranges for 
D. ramulosa than for C. tilesii, since the latter is, more 
widespread in dry spotted tundra in Alberta Sites. Another 
regional difference is that C. tilesii occurs as small scat- 
tered thalli in the southern areas instead of large clumps 


which are commonly found in northern areas. .These aggrega- 
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tions can be as much as 6 cm in diameter and are found as 
far north as southern Victoria Island (S. Wolf, pers. comm.). 

The distinct species assemblage in the Ogilvie sites is 
due to the presence of 11 species within the Cladoniaceae. 
In group 3 , three of the seven species are in this family, 
dem besergiesof the (3° species in group 2. This group OL 
acid-tolerant specialists has a high degree of overlap in 
niche parameters, at least in the context of the two envir- 
onmental gradients presented here. However no two species 
in this group have identical habitat response patterns. 
These species are minimally represented in Nahoni sites 
through lack of suitable habitat, poor competitive abilities, 
Ore botn. 

Thesomly~otne Pe Cladonide SpeC ream i n=srie sm eucyerdbe Cc. 
pyxidata and Ci’ pocillium found in Nahoni sites. Response 
patterns for these closely related species (Fig. 22) show 
significant habitat divergence from the other Yukon species 
Orgel auontaceac. 

Most remaining differences in species ecological ampli- 
tudes are due to minor regional shifts in frequency, on the 
Same substrate. One example is Alectoria ochroleuca which 
is a minor Yukon ubiquist with lower frequencies in Ogilvie 
sites. In Alberta this species has a very similar substrate 
pattern, but has too few occurrences to be considered a ubi- 
CUS Ge 


Other examples may be found in species associated with 
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low substrate pH which are more common in Yukon than in Al- 
berta sites. Stereocaulon alpinum, Cladonia ecmocyna/araci- 
Js tandac: coccifera/metacorallifera all follow this trend 
due to the limited occurrence of comparable sites in Alberta 
Study areas. The reverse pattern is found only with Pelti- 
geranxufescens ,iwhich is common in Divide and Prospect 

Sane shout Ws fonlyeloundsinwones Ogi lviemstand. “In Alberta, 
P. rufescens Seems to be an important colonizing species on 
frost-disturbed soils, and dead thalli have often been obser- 
ved underneath other species of lichens and bryophytes. How- 
ever, the northern ecological role of this species remains 
unclear due to its rareness. 

Regional substrate reversals are suggested in the two 
species Hypogymnia subobscura and Alectoria nigricans. The 
former iS common on basic Nahoni sites and is found in one 
Divide stand, although it also was encountered once outside 
a Prospect stand. This species probably does not disperse 
well and these populations may be relicts, or evidence of 
recolonization from western mountains. Substrate relation- 
ships of H. subobscura in the southern areas cannot adequate- 
ly be determined until more populations have been encounter— 
ed. 

Alectoria nigricans is not as rare in Alberta as is H. 
subobscura, but is also unlikely to provide an example of a 
major shift in substrate association. In the Yukon A. Digi 


cans is grouped with species which are more common and have 
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higher cover values in basic sites. It also occurs in the 
more acidic Nahoni sites as well as in four Ogilvie sites. 

In general, greatest importance of Aywynigutcanstis ine@sites 
with dry-mesic moisture regime and well-developed vegetation. 
Association with low substrate pH may be evidence of narrow- 
er ecological amplitude in southern populations, rather than 
a complete divergence in substrate relations. 

In summary, macrolichen species responses to environmen- 
tal gradients in the study regions can be grouped into six 
major substrate pH patterns: ubiquists; common on acidic 
substrates; exclusively on acidic substrates; common on both 
Substrates; common on baSic substrates; and exclusively on 
basic substrates. Minor shifts in ecological amplitudes are 
common for species populations compared in the two study 
regions. Regionally distinct species habitats are partially 
duesto’ the> prevalence of dry; basicisites in’ the) southern 
areas, and to differences in species richness. - No major 
changes in inter-regional species and substrate relation- 


ships are found. 


Diversity 


INEEOCUCTION 
eerste measures of plant communities can be used to 
assess the relationship of species to each other and to re- 
sources. Different aspects of diversity can be considered 
using two distinct categories. Alpha diversity concerns 


species responses within Communities, and beta diversity 
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represents the differentiation of communities along habitat 
gradients. (Whittaker 1972, 1975). 

Beta diversity can be examined by calcoutatingwatne 
Change in composition of samples along an environmental gra- 
dient (Whittaker 1972). The general beta diversity differ- 
ences in samples are represented in this study by percent 
Similarity and coefficient of community values for macro- 
lichen vegetation. These measures provide an ecological dis-~- 
tance between samples, which relates to separation along en- 
vironmental gradients (Whittaker 1975). Graphical represen- 
tation of ecological distance is provided by ordinations 
Sik 772 39)). 

Alpha diversity can be assessed by determining species 
richness (S) and evaluating relative species importance or 
evenness (J). These two components can also be combined in- 
to a Single diversity measure H' (Whittaker 1972). 

Studies of alpha diversity aid in determining how many 
BEpecres! co;occur, and, togwhat extent they sevenly’ divide re-— 
Sources. Selected factors such as substrate pH and macro- 

1 chen! cover’ are compared to’ diversity’ values to*further elu 
cidate species relationships. In this section, “particular 


emphasis is placed upon richness, evenness and diversity 


differences in areas and regions. 


Regional Results 
All substrate unit values for S, J, H' and total macro- 


lichen cover are summarized in Table 30. Individual values 
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are grouped by substrate unit, area, and regionyfor compari- 
son. 

Macrolichen species richness (Table 34) —and—covers 
values (Table 32) are significantly higher in the Yukon 
than in Alberta for both types of substrates. The differ- 
ences are greatest between vegetation substrate units in 
Prospect and the two Yukon areas. 

Macrolichen diversity is also significantly higher for 
both types of substrates in the Yukon than in Alberta (Table 
33). However, evenness values (Table 34) indicate that none 
Of the areas are significantly different; which contrasts 
with trends in H' and S values. 

Correlations between S, J, H', cover and substrate pH 
are summarized in Table 35. Richness and cover are posi- 
tively correlated in pooled substrate unit data for Nahoni 
and Prospect areas, and for vegetation substrate units from 
Prospect. 

Other correlated values are those for J and substrate 
pH in pooled Nahoni substrate units. Nahoni sites with low 
evenness are those with lower pH and wetter conditions (SN1, 
hy Nd aN4, NL. Appendix C).. In. contrast, stone stripes 
and upland vegetation substrate units have high evenness. 
Low evenness in wetter sites occurs when there are few spe- 
cies with high cover and many with low cover. In well-vege-~ 
tated upland areas, high evenness is due to the presence of 


several species which all have low or at least similar 
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TABLE 31. Macrolichen snecies richness (S) compared for 
Yukon and Alberta areds, Usimostiee! "lest = lorun=— 
equal variances (Sokal and Rohlf 1969). 
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TABLE 32. Macrolichen cover totals’ comoared for” Yukon’ and 
Alberta areas, using the T test for unequal 
variances” (Sokal™and* Rohlf 1969).4 
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TABLE 33.. Macrolichen diversity (H') values compared for 
Yukon and Alberta areas, using the T test for un- 
equal variances (Sokal and Rohlf 1969). 
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TABLE 34. Macrolichen evenness (J) values comoared for Yukon 
and Alberta areas, using the T test for unequal 
Variances (Sokal and Rohlfe 1969). 
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Comparisons between macrolichen species richness, 


evenness, diversity, 


total cover, 


and substrate 


oH in all substrate units uSina Spearman's Rank 
Correlation Coefficient (Sokal and Rohlf 1969). 
Values are for both vegetation and stone stripe 
Substrate units unless otherwise indicated. 
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cover values. Therefore, evenness changes with both pH and 
moisture complex-gradients in the Nahoni area. 

Evenness values for the Ogilvie area do not correlate 
with pH values, although the relationship of moisture and 
evenness is very similar to that in Nahoni sites. Highest 
evenness is in upland sites (SOl1, 01-03, O5c Appendix Cc) 
with lowest values in the mesic-wet substrate units (O47 05V; 
O67208)"% 

his trend of higher evenness under drier conditions is 
evident in the Divide as well as in the Yukon areas. High- 
est evenness on the Divide is found in-SDIiy SD2,)D3-8sD>; 
and D5 which are dry substrate units. The wetter stands D4 
and D6 have the lowest evenness values. 

Evenness on Prosoect is also related to a moisture 
complex-gradient. The highest values are those for dry and 
Neste substrate units (SPl, Pl, Ps, 68, so, 210, 2. 
These have high species richness and moderate -macrolichen 
cover with the exception of species-poor stand P3. The low- 
est evenness values are found in substrate units which are 
epectes-poor (SP2,)P2, SPs, Sho, 29, P10) sin these habitats 
one or two species have slightly higher cover than the rest. 

Trends in evenness values for Prospect reflect a pre- 
dominance of distinct dry habitats and a paucity of wet 
sites. The highest evenness values represent UpLandavegsta= 
tion comparable to that in the other three areas. However, 


the lower evenness values on Prospect are related more to 
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the driest species-poor habitats, instead of wet sites as in 
the other *study “areas # "If "major snowbed for wetwareasmewere 
encountered “on Prospect) “Vitis *hikely thatfevenness vould 
follow the moisture related trends found in the other study 
areas. Conversely, dry species-poor sites in the other three 
areas would probably have low evenness. These instances re- 
main hypothetical until the macrolichens in these regions 


Rave been studrved “in ‘more areas" 
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DISCUSSION 
Diversity 

Diversity calculations in this study indicate that in- 
creases in macrolichen cover, species richness (S) and diver- 
Sity (H') are correlated with a shift from southern to north- 
ernelatitudes. A'prediction of regional trends in macro- 
lichen values of S, H' and cover can be made by assessing 
anys Or, the three, in both regions. Thesersresul ts contract 
with those of Slack (1971) in which S had no predictive va- 
lue for H' in bryophyte data from the Adirondack Mountains. 
In a bryophyte study within Jasper National Park (Lee 1976) 

S and diversity were not correlated with absolute bryophyte 
cover, but correlated instead with an elevation complex- 
gradient. 

Macrolichen evenness (J) is not significantly different 
between any of the study areas, even with differences in spe- 
cies richness. This has already been shown qualitatively 
in the comparibility of inter-region population response 
patterns. However, evenness values vary along a moisture 
complex-gradient within Nahoni, Ogilvie, Divide and Prospect 
areas. -In the first three areas, lowest evenness is in wet 
sites; at Prospect the lowest evenness is in dry, species- 
poor sites. The trend suggests that wet habitats in the 
Prospect area would also exhibit low evenness, Evenness data 
are dissimilar to those for bryophytes (Lee 1976) in which 
values correlated with a subjective moisture index were high= 


est at the wet end of a moisture complex-gradient. 
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Other investigators have Suggested the use of Separate 
indices for species richness and evenness in diversity stu- 
dies (Whittaker 1972, Addicott 1974). In the present study, 
inter- and intra-regional trends of Sx ANGsH. acevclearly 


more informative than for H' alone. 


Implications of Regional Trends 

Regional differences in values for macrolichen cover, 
S, and H' may be related to several factors. The major en- 
vironmental distinction between reaqions is climate, which in 
turn influences a wide variety of abiotic and biotic habitat 
factors along a latitudinal gradient. Abiotic factors affect- 
ing macro- and microhabitats include soil and air tempera- 
tures; relative humidity; annual precipitation; length of 
growing season; permafrost; and intensity of frost action. 
Biotic factors which influence microhabitats include type 
and amount of plant cover; presence and activity of soil 
microorganisms; and species and densities of herbivorous 
fauna. Due to interactions of these many factors, the 
northern study areas have habitats which are more favorable 
for macrolichens than those found further south in the 
Canadian Cordillera. Physiological adaptations of macro- 
lichens to northern climates may partially explain these 
regional differences. 

Many macrolichens are adapted BOecOUUg Lenberavuresrat 
high latitudes by having low temperature optima (Ahmadjian 


1970, Greene and Longton 1970, Lamb 1970, Kappen 1973). 
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However, macrolichens in habitats of some low-arctic and al- 
pine environments have comparable temperature responses to 
those in more temperate areas (Bliss and Hadley 1964, Ker- 
Shaw 1977). Some macrolichens apparently do not need a 
Specialized low temperature response in such habitats, al- 
though several species can acclimate rapidly to seasonal 
temperature patterns (Kallio and Heinonen 1971, Larson and 
Kershaw. 19S L975 CO al.O7 5d) eatie Lose physiological 
mechanisms which allow macrolichens to thrive in high lati- 
tudes may be related to high abundance in the Yukon study 
region. Likewise, the warm and dry environments in the Al- 
berta Front Ranges may be unfavorable for many northern mac- 
rolichens. 

Another physiological consideration is that vascular 
Dlant species which are not as well-adapted to the northern 
environments may exhibit reduced species richness and cover, 
and thereby potentially reduce competition with macrolichens. 
Lower importance and competition of arctic and alpine vas- 
cular plants has also been attributed to selective. herbivory 
(Thomson 1972). This theory is based on an assumption of 
macrolichen unpalatability due to lichen substances, but 
unfortunately has not been tested. 

Competition between macrolichens and vascular plants 
may also involve allelopathy. Experiments with extracts of 
Peltigera canina have shown inhibition of several grass spe- 


cies (Pyatt 1967), and such allelopathic capabilities may 
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occur in the closely related alpine species P. rufescens. 
Kershaw (1977) reviews experimental evidence for inhibition 
Of pine and spruce seedlings by Cladina stellaris, yet he 
cautions that the results are subject to multiple interpre- 
tation. These initial studies suggest that allelopathy may 
be important to macrolichen species in certain habitats, and 
this possibility should be examined for northern populations. 
However, so few examples have been documented that it is pre- 
mature to predict the importance of allelopathy in most 
macrolichen taxa, or to infer allelopathic capacity of spe- 
elesvorn populations, for ditterent=reqions in, thiuseseudy. 

A final consideration of regional diversity differences 
is that glacial history may have restricted or eliminated 
macrolichen biotypes from the southern study region, and 
that only limited recolonization has cccurred. While some 
macrolichen species from northern (Yukon) or southern (U.S.) 
unglaciated regions have colonized the formerly glaciated 
areas, many northern species are absent in the southern 
Canadian Rocky Mountains. Limited dispersal mechanisms and 
prevailing northwesterly winds may be unfavorable for south- 
ward dispersal of northern macrolichen populations. It is 
also possible, however, that the climatic regime of the 
southern Rocky Mountains has been unfavorable for establish- 
ment of vropagules from northern species. 

The question of why lichens are more successful in 


study areas in the Yukon than in Alberta cannot be fully 
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answered due to limited available data, but some hypotheses 
can be reviewed. Physiological relations and adaptations to 
northern habitats are well-documented factors, and may confer 
competitive advantages to macrolichens over vascular plant 
species. Physiological limits of some macrolichen popula- 
tions could restrict occurrences in hotter, drier climates. 
The influences of herbivory and allelopathy in macrolichens 
are also suggested as factors which should be investigated 


in relation to regional diversity and importance differences. 
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Macrolichen Distribution 


The predominance of circumpolar distributions of North 
American arctic lichens has been documented DYV= TnoOMsomeuly (20 
Crreumoolar distributions represent 88.4% (Bird 1974a) and 
91.8% (Bird 1974b) of the lichen species in studies from the 
Yukon and Northwest Territories. Results from these studies 
indicate that widely distributed lichen species have colon- 
ized northern areas since the last extensive glaciation 
which ended 11,000-9,000 years ago. The historical influence 
of glaciation is therefore not responsible for most current 
macrolichen distributions in northern areas. However, the 
minority of endemic or other species with narrow distribu- 
tions could hypothetically indicate relict or relict-derived 
populations. 

In the initial phases of research this endemism hypothe- 
sis was accepted in principle, and the number of narrowly 
distributed macrolichen species was expected to constitute 
alslgnaticant.proportion | of regionalyspeciese™ “io fest) this 
theory, distribution elements of macrolichen taxa in the 
study areas and regions have been compiled (Table 36) from 
Pmshause loos) ,. ta le (1969) ,, Bird and Marsh. (1973a,71978b), 
Dahl and Krog (1973), Bird (1974a, 1974b), Krog (1974) and 
ishlpaeh J CIRE PAS EM 

Macrolichen floras from both Alberta and the Yukon are 
predominantly circumpolar with values of 92.8% and 86.4%, 


respectively. (Table 37). The majority of these species are 
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TABLE 36. 


Distribution elements for macrolichen species 
found in Alberta and Yukon regions; 


groups deter- 


mined primarily from this study and from Bird 


(W197 4a" 


1974b). 
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DISTRIBUTION/MACROLICHEN SPECIES 


CIRCUMPOLAR 

Arctic Alpine 
Alectoria minuscula 
A. nigricans 

A. nitidula 

A. ochroleuca 

A. pubescens 

Cetraria delisei 

C. laevigata 

C. nigricans 
Cetilesis 

Coriscium viride 
Cornicularia divergens 
Dactylina arctica (P-) 
D. ramulosa 
Hypogymnia oroarctica 
H. subobscura 
Nephroma expvallidum 
Parmelia almquistii 

P. centrifuga 

P. panniformis 
Sphaerophorus globosus 
Stereocaulon alpinum 
S. rivulorum 
Thamnolia subuliformis 
T. vermicularis 
Umbilicaria proboscidea 
Arctic-Boreal 
Alpine-Montane 
Cetrarla commixta 

Gs cucullata 

C. hepatizon 

C. nivalis 

Cladina mitis 

C. stellaris 

Cladonia amaurocraea 
@. coccifera 

Cc. cornuta 

C. crisvata 

C. ecmocyna 

C. gracilis 

C. macrophylla 

C. macrophyllodes 

C. phyllophora 

C. pyxidata 


" 


Prospect 
Divide 
Nahoni 
Ogilvie 


o2u0' 
non 


PDNO 


+++ 
+++ 
+ 
+444 
+++ 
a 
+444 
++ 
+++ 
+ 
++ 


Conor 

Ciaaonia uncialis 
Hypogymnia physodes 
Lecanora chrysoleuca 
Leptogium saturninum 
Nephroma arcticum 
Parmelia omphalodes 

PS saxati isis 
Peltigera avohthosa 

P. malacea 

P. pulverulenta 
Solorina crocea 
Umbilicaria cylindrica 
U. hyperborea 

U. virginis 
Arctic-Temperate 
Alpine-Montane 
Alectoria chalybeiformis 
Cetraria ericetorum. 
Cc. islandica 

Cladina rangiferina 
Cladonia chlorophaea 
Cle poche Lum 
Cornicularia aculeata 
Peltigera rufescens 

P. spuria 

Boreal Montane 
Cetrariampiitas tras 
Boreal-Temverate Montane 
Parmelia taractica 
AMPHI-BERINGIAN 
Arctic Alvine 

Cladina aberrans 

C. arbuscula 

Cladonia metacorallifera 
Dactylina arctica (P+) 
Evernia perfragilis 
Parmelia separata 
Western Arctic Alpine 
Asahinea cnrysantha 
Cetraria richardsonii 
Western Arctic-Boreal 


Asahinea scholanderl 


AMERICAN 
AIpine Montane 


Parmelia wyomingica + 
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included in the broad subdivision Arctic-Boreal Alpine- 
Montane. There are more species in the Arctic Alpine sub- 
division in Yukon areas, and more Arctic-Temperate Alpine- 
Montane species in Alberta. A minor distribution component 
of Amphi-Beringian species is found in Alberta (4.8%) with 
higher values in the Yukon (13.6%). The American distribu- 
tion element is insignificant in ‘both regions. 

Within the Alberta data (Table 37), distribution ele- 
menessior Prospect exhibit parallel trends to those in the 
Divide sites. The lower percentage of circumpolar Arctic 
Alpine species in the Divide area is due primarily to more 
species in the Arctic-Boreal Alpine-Montane category. 

Parallel distribution trends are also evident between 
the two areas in the Yukon region. A greater number of 
total Amphi-Beringian s»,ecies occur in the Nahoni area. 
Conversely, the Ogilvie area has a higher number and per- 
centage of Arctic-Boreal Alpine-Montane species within the 
circumpolar distribution pattern. 

Seven of jy nine Amphi-Beringian macrolichen species in 
this. study are restricted to the Yukon (Table 36). This 
may be related to the geographic proximity of the northern 
study areas to past species distribution centres in ungla- 
ciated regions of Alaska and the Yukon. However, this may 
also be related to more favorable environmental factors for 
these species in northern sites. 


One of the Amphi-Beringian species is found only in the 
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Ogilvie area; three are restricted to the Nahoni Sites; and 
three are common to both areas (Tables 3G) a sited oetempiincg 
to interpret the restricted Nahoni distributions as examples 
of limited post-glacial dispersal in relict populations of 
Evernia perfragilis, Parmelia separata, and Asahinea chrysan- 
tha. However, E. perfragilis and A. chrysantha are known 
from many northern calcareous alpine areas regardless of 
glaciation history (Thomson 1972, Bird 1974c). Parmelia 
Separata has not been found in glaciated uplands in this 
OrOther Yukon studies, (Bird 19744, 1974b)) vet. ites repor— 
ted from such habitats on Devon Island (Barrett and Thomson 
1975), and from the Northwest Territories (Scotter and Thom- 
son 1966, Thomson et al. 1969). These results show that the 
original hypothesis is unfounded because narrow macrolichen 
species distributions are not correlated with glacial his- 
tory in the study areas. 

Therefore, on the basis of macrolichen distributions 
from species in this study, there is no evidence which sup-— 
ports either the refugial status of Mountain Park alpine 
areas (Packer and Vitt 1974), or the determination of present- 
day northern macrolichen distributions due to glaciation 
history. ne Thomson (1972) points out, arctic lichen species 
disjunctions are often caused by disjunctions of habitat 
factors rather than historical factors. 

The overwhelming dominance of circumpolar distributions 


characterizes not only the macrolichens of this study, but 
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also the hepatic flora of Alberta (Bird and Hong 1975, Hong 
and Vitt 1976) and the moss flora of Jasper National Park 
(Lee 1976). Widespread dispersal is implied by distributions 
of mosses and liverworts in these studies. Likewise, Thom- 
sor @(1972)¢ ,concludessthat distribution ipatternsof most 
northern lichens indicate widespread dispersal within the 
past 10,000 years. The results of the present study are in 
agreement with this view, and thus support long-distance 
dispersal as an important and viable process affecting dis- 


tributions of many alpine macrolichen species. 
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Substrate Relationships 

Habitat selection by lichens for specific microenviron- 
mental factors has been suggested by several investigators 
(Culberson and Culberson 1967, to 7SYeGartys Gaby andeGalun 
1974, Garty and Galun 1974). These studies have all relied 
upon correlation of lichen presence and microhabitat factors, 
rather than using an experimental approach to the implied 
physiological relationships. In the present investigation, 
species-habitat correlations are used to examine reliability 
of substrate relationships and to evaluate the evidence for 
obligate acidicoly and calcicoly. 

Substrate relationships of terricolous macrolichens en- 
countered in this study (Table 38) have been compiled pri- 
Mari.ty from Bird (19/4a, F9/4b)., @as-well as Gelting: (1955), 
Thomson, (1967), Barrett and Thomson (1975), endl Bier 7 5). 
The Substrate categoriesvare: © (1), acidic so1ls and rocks; 
(2juGaicanreous (basic) soils and®rocks; Wand (3) actidigeand 
calcareous soils and rocks. 

Macrolichen species in the Alberta and Yukon regions 
(Table 39) exhibit parallel trends in substrate relation- 
ships. The largest group includes species on both sub- 
strates, with decreasing percentages of acidic, and calcar- 
eous substrate-associated species groups, respectively. 
Within the context of these categories, the majority of 


species do not exhibit marked substrate preference or selec- 
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Substrate relations for macrolichen species 
found in Alberta and Yukon regions; 
mined primarily from this study and from Bird 
TO 7 Ab) 


SUBSTRATE/MACROLICHEN SPECIES 


Acidic soils and rocks 
Alectoria chalybeiformis 
Cetraria nigricans 
Cladonia chlorophaea 
C. macrophylla 

C. macrophyllodes 

C. metacorallifera 

Cy criaspata 

C. phyllophora 
Coriscium viride 
Nepvhroma arcticum 

N. expallidum 
Peltigera malacea 

P. pulverulenta 
Solorina crocea 
Sphaerophorus globosus 


Calcareous soils and rock 
Evernia perfragilis : 
Hypogymnia physodes 

H. subobscura 

Parmelia separata 


Acidic and calcareous 
soils and rocks 
Alectoria nigricans 
A. nitidula 

A. ochroleuca 
Asahinea chrysantha 
Cetraria cucullata 

C. delisei 

C. ericetorum 


P = Prospect 
D = Divide 
N = Nahoni 
O = Ogilvie 


PDNO 


Conic 

Cetrarla islandica 
C. laevigata 

(Go iuaisisuilars 

@. serieloyeseelsyorausL al 

@, sen skagaln 

Cladina aberrans 

C. arbuscula 

@. Wmaicsle 

C.@rangi ferina 

Cons teivaris 
Cladonia amaurocraea 
C. coccifera 

Cer comniita 

C. ecmocyna 

C. gracilis 
Cloppoc: 1 lum 

C. "pyxidata 

C. uncialis 
Cornicularia aculeata 
C. divergens 
Dactylina arctica (Pt) 
D. arctica (P-) 

D. ramulosa 
Peltigera aphthosa 
P. rufescens 

P. spuria 
Stereocaulon alpinum 
S. rivulorum 
Thamnolia subuliformis 
T. vermicularis 
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Of the two specific substrates, the acidic soils and 
rocks category is better represented in the Divide, Nahoni, 
and Ogilvie areas (Table 39). The greatest number in this 
Category is found in Ogilvie’ sites, corresponding to the 
response patterns of species which are restricted or more 
common in acidic habitats {Fiaqs. 18-20)" 

Macrolichen species with calcareous or basic substrate 
associations are least frequent in Divide and Ogilvie areas, 
with increasing representation in Prospect and Nahoni sites 
(Table 39). The low total number of species in this group 
is due to the exclusion of species which are usually but not 
always associated with basic substrates, such as Alectoria 
NICO a, ioallined ChrVySaltia, «cella lage. les C om! CulLa tia 
aculeata, and Solorina spp. excluding S. crocea (Figs. 12,11 , 
15, 23, 24). These species are therefore grouped in.the aci- 
dic and calcareous substrate category, although in acidic 
Sites each may occur with greatly reduced frequency and cover 
(Hrapkowl970, Bird 19/44, 19 /4b). 

The relationship of species and habitats (Table 39) 
provides greater evidence for obligate ACLOLVCOLY stullan ror 
obligate calcicoly. Preferential physiological mechanisms 
for basic, calcareous substrates may well exist in species 
most commonly found in such habitats, but few species appear 
to be completely dependent upon this substrate. UnLorcunace= 
Iv, tne degree OL intex— and intraspecific physiological 


ie Weekes ap ha al ii ee obligate and preferential substrate require- 
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ments is poorly known for macrolichens. 

The large proportion of species found on both sub- 
Strates (Table 39) reflects the importance of ubiquist spe- 
cies, including epiphytes which may respond more to the 
microhabitat of ground vegetation than to substrate pH. 
Also, some of the species included are preferential but not 
restricted to either substrate. The lack of correlation 
with substrate pH in this group provides indirect evidence 
of other overriding habitat factors. 

Several microhabitat factors are likely to be equally 
or more important than those associated with substrate pH in 
macrolichen habitat selection and subsequent population- 
habitat interactions. Important documented factors include: 
topography (Kershaw 1974); organic substrate (Rouse and Ker- 
shaw 1973, Larson and Kershaw 1974, Maikawa and Kershaw 
1976); wind speed and boundary layer (Kershaw 1975a); mois- 
ture regime (Lechowicz and Adams 1974b, Kershaw and Rouse 
1971, Rouse and Kershaw 1973, Larson and Kershaw 1976); and 
snow cover (Larson and Kershaw 1975a, Kershaw 1975b). 

The implications of these results to other alpine vege- 
tation studies can be summarized in predictive terms. The 
presence of northern alpine macrolichen species with restric— 
ted substrate relationships is likely to indicate specific 
acidic or basic habitats. In addition, several species with 
broader substrate associations exhibit greater quantitative 


importance in one of the two specific substrate pH regimes. 
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The combined occurrence of Species in these habitat groups 
Should indicate substrate pH characteristics, within the 
context of the regions investigated. However, a large pro- 
portion of species encountered indicate factors such as 


moisture regime, rather than substrate DH. 
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Plant Communities 
Introduction 

North American alpine vegetation studies have generally 
included conspicuous lichens rather than specifically deter- 
mining lichen vegetation communities. In the course of dis- 
tinguishing alpine vascular plant communities, several in- 
vestigators have included macrolichen data which can be 
compared to those in this study. Pertinent macrolichen vege- 
tation studies are also compared, although few have been 
Carried out. All comparisons of investigations are based, 
whenever possible, uvon quantitative importance values of 
frequency, cover or both, for species under consideration. 

This section presents separate community discussions 
for the Alberta and Yukon regions. The main reason for this 
is that qualitative and quantitative vegetation data for 
macrolichens and vascular plants are regionally distinct. 
Lack of intermediate sampling areas either from this or 
ofherestudies. also®justifiesothisi treatment: 

Within the Alberta discussion, macrolichen and vascular 
plant communities are considered separately due to their 
limited correlation (Fig. 10). Comparable Yukon plant com- 


munities are highly correlated (Fig. 11) and are therefore 


combined for discussion. 
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Alberta 
Macrolichens 
(1) Cetraria cucullata - Thamnolia subuliformis - Cetraria 
tpless i: 


This macrolichen community has few described counter- 
Parts. the differential-species Solorina spp. ,) Dactylina 
ramulosa and Cetraria tilesii are characteristic of spotted 
tundra and discontinuous stone strives found at Prospect on 
dry, unstable slopes (Fig. 25). 

Spotted tundra consists of discontinuous patches of 
either Dryas integrifolia or D. octopetala (Bamberg and Major 
1968) with a variety of associated small vascular plants, 
lichens and mosses. While such patchy areas may be success- 
ional to shrub and tree establishment at treeline (Broad 
1973), they are probably maintained in higher alpine sites 
(huchare2975) . 

This community is most similar to Dryas octopetala is- 
lands on scree on Signal Mountain, Jasper National Park 
(Uxapkoel970)i.aetThermisiands on scree are considered@heroeco 
be equivalent to scattered stone stripes or spotted tundra. 
Of all vascular plant communities designated on Signal Moun- 
tain, this has the highest lichen and vascular plant species 
richness. The relative species importance for macrolichens 
(Table 40) is similar to that in Prospect sites, although 
Thamnolia subuliformis is less important in the Signal com- 
munity. 


Cetraria tilesii is common on Dryas islands with south- 
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PIGURE 25. | Habataterelationswor alpine macrolichen communities 
from Alberta study areas. 
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erly aspect on signal Mountain, although it is absent from 
comparable north-facing stands, and from similar communities 
Peo thier Main Range areas. Ut appears = tiacetierriot airy 
microhabitat of south-facing slopes on Signal Mountain over- 
rides the correlation with basic substrate for this species, 
Since the associated soils have a pH range from 5.9-6:2. 

Macrolichen data are not available from vascular plant 
communities most closely resembling the associated Dryas in- 
tegrifolia ~ Carex rupestris and D. INECGELEOL Ama Ny EOD iss 
podocarpa - Salix nivalis communities on Prospect Mountain. 
The similarity of vascular plant communities in dry, calcar- 
eous habitats makes it likely that macrolichen vegetation 
will also be similar. However, southern Rocky Mountain 
alpine areas in Colorado (Langenheim 1962) and Montana (Bam- 
berg and Major 1968) have lower macrolichen species richness 
and cover. There is probably an extensive geographic gra- 
dient of decreasing macrolichen importance and species rich- 
ness) from north to south in the Rocky Mountains, Just. as 
there appears to be crom the Norciermn cOrdisierastostieentl 
berta study areas. 

Gelting (1955) has described an arctic plant community 
from western Greenland which shows noticeable similarity to 
the Cetraria_ cucullata - Thamnolia subuliformis - C. tilesii 
community of Prospect Mountain (Table 40). The characteris- 


tic vascular plants include Carex rupestris, Polygonum vivi- 


parum, Salix cf. glauca, Vaccinium uliginosum, Draba spp., 
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paxbtraga Opposititolia, S. tricuspidata and Silene acaulis. 


Although species-poor, there is a correspondence in this com- 


munity with species of Dryas integrifolia - Carex rupestris 
ance Desi nteqritolial— Oxytropis vodocarpa - Salix nivalis 


communities (Table 7). Limited crustose lichen data from 
Prospect also includes species in Gelting's community such as 
Caloplaca jungermanniae, Lecanora eplbryon,, Cchroleentasupca |— 
iensis, and Pertusaria Gacty linac 

Elements of prairie lichen communities are also found in 
Front Range alpine areas, yet none of the communities recog- 
nized by Looman (1964a, 1964b) are directly comparable to 
those at higher elevations. One type which represents a sub- 
group within the Cetraria cucullata - Thamnolia subuliformis - 
Ce. tilesii- community is the Physcietum muscigenae, composed 
of epiphytic and crustose lichens and macrolichens Physconia 
muscicena and Physcia constipata. Looman (1964a, 1964b) de- 
scribes this community from overgrazed prairie, and recogni- 
zes the alpine affinities of the two macrolichens as well as 
crustose species Caloplaca jungermanniae, Ochrolechia upsal- 
iensis and Lecanora epibryon. AS in prairie habitats, these 
species in alpine areas are found on dead mosses or roots 
with high frequency but very low cover. 

The Front Ranges are in close proximity to prairie, es- 
pecially in the southern mountains of Alberta, and have simi- 
lar habitat factors of calcareous substrate, high levels of 


incoming radiation, low humidity, and disturbance. Such 


mort ash medpkt exotewso bad mate Aina 
i 

en pique YPinvemoa © ‘gatsion a “ni eee | 
-ineoy siigetotesd sadiae saneaal 8 
at bavet cafe ove estvinummoo oedoit etiiesg to 
a > m4 ite ce 

“g7QoS3 #0 Zinegnoo «afd 40 anon shel, 2886 antals ee 

>) otdaragaes yitooeih exe caper \araed) nba 


(azz 


~adus » atasecuges doidw $9y7 2m Lanotdeuale ase 38 = 
— 

beaodmne , soap. orem mysatouyds odd al ‘qrinwmas 

. sipepe'cd] snetotiotoam bas eaedost seseures Bris i yigs 
-o5 (ddwet ,medel) namic. -ageaisenon sioeyet bits § Le): 
-hoposex toe |, stuteny beterexevo mone ya ewinmoo eid Bo 


2} iam 


2s Liew e¢ sasipiio wen ows ait to eotsialiie pe 


176 


factors are probably responsible for the inhabitation of 


Prairie and alpine environments by several common xerophytic 


species, 


(2) Cetraria ericetorum - C. cucullata - Peleigera rufescens 


This type of vegetation is commonly represented in other 
alpine community studies in which constant species Cetraria 
cucullata RIC. ericetoxrum, C. nivalis and Thamnolia subulifor- 
mis are the most important. Because of this, presence and 
relative importance of character-species such as Stereocaulon 
alpinum, Peltigera rufescens, Cladonia pyxidata and (Cy (eleteshS 
iume@arer used toi establish’ a basis of community Similarity. 

The community exhibits a consistent relationship with 
upland Dryas octopetata communities in the Rocky Mountains 
from central Alberta to northern Montana (Table 41). Carex 
nardina vegetation on Plateau Mountain represents a related 
community which is thought to succede that of D. octopetala 
(Bryant and Scheinberg 1970). 

Within the geographic range of this macrolichen communi- 
ty there is a divergence in associated vascular plant commu- 
nities. The Dryas integrifolia vegetation on Prospect 
appears to characterize Front Range upland environments, and 
is considerably modified in species composition and impor- 
tance values from D. octopetala communities in the Main 
Ranges. 

While major shifts in macrolichen species do not appear 


between upland Dryas-lichen communities in the Main and 
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Front Ranges, minor changes are evident. Greater species 
richness and abundance of Cladoniaceae is found in the Main 
Ranges, including Cladina mitis, Cladonia COC VIS Ca Cec Om 
neocraea, C. pyxidata, C. macrophyllodes, and C. uncialis 
(Hrapko 1970, Kuchar 1975). Reasons for these species 
shifts may include differences in substrate pH, amount of 
Snow cover and runoff, summer precipitation, and relative 
humidity. The increased cover of heath species in the Main 
Range alpine uplands also provides a suitable microhabitat 
for Cladina and Cladonia species by an increased boundary 


layer which minimizes wind damage and desiccation. 


As in the Céetraria cucullata - Thamnolia subuliformis — C. 
tilesii community, several species of this macrolichen 


group are found in lichen associations on western prairies 
and parklands. The Cladonietum nemoxynae of grassland or 
parkland includes Cladonia macrophyllodes, Peltigera rufes- 


cens and Cornicularia aculeata, although the association is dom- 


inated by non-alpine species. Other alpine species are 

found in the Cladonietum multiformis association which 

occurs with aspen or pine. This vegetation type is also 
dominated by Cladonia species, and includes Cladonia cocci- 
corer C. gracilis, Cetraria ericetorum, C. nivalis and Pelti- 
gera spuria. A major distinction between these low and high 
elevation communities is the increasing importance of Cetra- 


ria species in the alpine, and the correlated decrease of 


lowland Cladonia species. 
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(3) Peltigera aphthosa - Stereocaulon alpinum 


The meSic-wet habitats where this community occurs 
(Fig. 25) are not widely represented in the Alberta study 
area. Indicators of this vegetation type include the crus- 
tose lichen Lepraria neglecta, and mosses Polytrichum juni- 
perinum, Pe piliterumeand Pogonatum alpinum. Vascular 
plant communities with similar macrolichen species composi- 
tion and abundance are compiled in Table 42. 

In examining these communities, it is important to dis- 
tinguish between habitats which melt out and experience very 
dry conditions (early snowbed) and those which melt out only 
in some years and remain wet (late snowbed). The latter 
Sites are often dominated by Carex nigricans with few or no 
lichens (Hrapko 1970, Kuchar 1975). Macrolichen species 
richness is negatively correlated with snow depth and bryo- 
phyvite jcover in the Bald Hills® (Kuchar 1975), and similar 
GOnaztions are found at Hichwood Passi (Trottiers! 972). 

Early snowbed areas support many species such as Sib- 
batdiatprocumbens, “Salix nivalis, Antennaria Tanata, -Stereo- 
Gaulions alpinum, sso lLoctinaycrocea and Lbepraria neglecta. 

Areas of moderate-heavy snow accumulation, mid-season melt 
and sustained summer moisture may support Dryas octopetala 
with one to several species of heaths, herbs and willows. 
These communities often exhibit a small group of macrolichen 
species within the genera Cladonia, Pelulgera and Cetraria 


which together may contribute high cover values. An example 
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of this is found in the Salix arctica - Antennaria lanata 
community (Hrapko 1970) which has the greatest macrolichen 
prominence of all plant communities of Signal Mountain. 
In contrast, species richness is very low. Although even- 
ness values are not available for the Signal Mountain plant 
communities, evenness of macrolichens in Salix - Antennaria 
vegetation may parallel the trend of low values in wetter 
habitats as found in both Alberta and Yukon study regions. 
Variability of snow accumulation and time of snow melt 
in snowbeds is known to be of primary importance in deter- 
mining distributions of associated alpine vascular plants 
(Billings and Bliss 1959) and arctic macrolichens (Larson 
and Kershaw 1975a, Kershaw 1975a). The community data (Ta- 
ble 42) indicate that several species of both plant groups 
are characteristically found in mesic-wet habitats, but the 
degree of predictability, for a particular macrolichen -spe- 
cies appears to be very low. This may be due to the lack of 
extensive data for the variety of habitats represented, as 
well as the potential existence of ecotypic differentiation 


in snowbed macrolichen populations. 
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Vascular Plants 


The upland alpine vascular plant communities in the Al- 
berta study areas can be compared with several other communi- 
ties in Rocky Mountain localities. The most similar are 
those dominated by Dryas integrifolia in the Front Ranges, 
and by D. octopetala in the Main Ranges. 

Dryas integrifolia is an important upland component of 
some arctic plant communities (Gelting 1955, Barrett and 
Hiomean 1975, "sira L975" B1i1ss 1975) but seems to beerestric— 
ted in the southern Canadian Rocky Mountains. Dryas integri- 
folia communities from Montana (Bamberg and Major 1968) and 
from the southern Front Range in Alberta (Johnson 1975). ex- 
hibit the closest relationship to those described on Prospect 
Mountain. 

Dryas octopetala communities in Alberta are found in 
Waterton (Kuchar 1973), Highwood Pass (Trottier 1972), 

Banff National Park (Beder 1967, Broad 1973) and Jasper 
National Park (Hrapko 1970, Kuchar 1975). These communities 
are generally found on acidic soils, in areas of regionally 
high precipitation. In each of the above studies, Dryas octo- 
petala communities represent the drier, more exposed habi- 
tats. Associated species include Cassiope tetragona, Empe- 
trum nigrum, Vaccinium vitis-idaea, Artemisia norvegica, and 


SaiixoarctLca. 
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(1) Dryas intearifolia - Carex ruvestris 
CayeaD., inteqnifolia «+ Oxytropis podocarpa - Salix nivalis 
These communities resemble alpine stands from the Big 
Snowy Mountains, Montana (Bamberg and Major 1968). Many dom- 
inant species are common to both Prospect, andthe -.Biq .ocnowy. 
Mountains including Dryas integuifolia, sGarex srupestris, 
Polygonum viviparum, Androsace chamaejasme, Potentilla fru- 
ticosa, and species of Oxytropis and Hedysarum. Differences 
between these areas involve species shifts due to the region- 
algisolation-ofithe Montana jsite, as .well.as.i ts,proxi mity, 


to the southern (U.S.).-Rocky,.Mountains. 


(3) Dryas integrifolia - Hedvsarum alpinum -Androsace chamae- 


jasme 


The most Similar vegetation to this ee LS found 
in Siyeh Pass, Glacier National Park, Montana (Bamberg and 
Major 1968): The dominant species on Siyeh Pass are Dryas 
octopetala and Salix reticulata, yet the associated plants 
include important Prospect species such as Polygonum vivi- 
parum, Carex rupestris, Smelowskia calycina and Potentilla 
Giversifolia. As in the previous comparisons, southern 
(U.S.) Rocky Mountain plant species distinguish the Siyeh 


Pass vegetation in common genera such as Oxytropis, Hedy- 


sarum and Astragalus. 


(Alcatel Valle Artemisia norvegica 


The Divide stands representing this community are few 
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in number to make accurate comparisons. On a tentative 
basis, the closest Similarity is with communities in the 
Maligne Range of Jasper National Park, specifically with 

the Herb Meadow group (Kuchar 1975) and the Salix arctica - 
Antennaria lanata community (Hrapko 1970). Within the Herb 
Meadow .group the Artemisia norvegica - Salix arctica and A. 
norvegica - Antennaria lanata types are similar to the 
Divide community. However, the Divide community is depau- 
peracevine relation to all ‘community types mentionedesePpernaps 
the best comparison is within the Heath Group (Kuchar 1975) 
in the Lepraria neglecta subtype of the Cassiope tetragona - 
Dryas octopetala community. This subtype has low richness 
and includes several species in common with the Salix nival- 
is - Artemisia norvegica community from the Divide. These 
PNCEUde ea GGL Cay i. norvegica, Sibbaldia procumbens, 
Antennaria lanata, Salix nivalis, Potentilla diversifolia, 
and Trisetum spicatum. The low species richness of the 
Salix nivalis - Artemisia norvegica community may be due to 
the infrequency of suitable habitat in comparison with the 
study areas Of Hrapko (19/0) and) Kuchar s(197/5)) eal neswell— 
drained Front Range environment does not promote large-scale 
development of wet meadows and snowbeds, and the low species 
richness of mesic-wet stands in this study area may reflect 


insular, small, and widely distributed habitats. 
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Yukon 
Macrolichens and Vascular Plants 

The importance of cryptogams in northern plant communi- 
| ties is evident in the combined use of macrolichen, bryo- 
phyte and vascular plant species to designate communities 
(Kershaw and Rouse 1973, Kojima 1973, Neal and Kershaw 1973a, 
1973b). Such recognition of the most conspicuous macro- 
lichens provides qualitative and quantitative descriptions 
for common species, although detailed information on other 
Species may be lacking. Differences in macrolichen vegeta- 
tion descriptions seems to be a function of the skills of 
the investigator, which in turn makes some data comparisons 
less reliable. This problem has been enhanced by the lack 
of “a=standard.zedsnorthéern--ichensideneltication guide, which 
has forced plant ecologists into choosing from a variety of 
taxonomic treatments and concepts. The upcoming publication 
on northern lichens (Thomson, in press) should greatly alle- 
Vrate inconsistency in northern Tichen studies. 

The most reliable and detailed studies of comparable 
alpine vascular plant and macrolichen vegetation are those 
by Bird (1974a, 1974b) for mountain ranges in the Yukon and 
Northwest Territories. In these field expeditions, lichen, 
vascular plant and bryophyte vegetation data were obtained 
from sites where geologists were simultaneously collecting 
substrate samples and glacial history data. Rapid vegetation 


survey techniques were based upon cover estimates from small 
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Diver torrd 1974a, 19745). oT heave compared all the unanaly- 
zed Stand data from Bird's studies to communities designated 
in the present study. Of 76 upland alpine stands from 13 
Sites (Table 43), close correspondence of macrolichen spe- 
cies composition and abundance was found between the follow- 


ing: 12 stands with community 1 (Table 290s 1. Gastands with 


community 2 (Table 24); and 48 stands with community 3{Table 25). 


The comparability of these data support the geographic vali- 
dity of the community designations, as discussed in detail 


for each vegetation type. 


(1) Cladina arbuscula/mitis - Cetraria nivalis - Cladonia coc- 

C0e€ei fera/metacorall1 tera 

Vaccinium vitis-idaea - Dryas octopetala 

This community is characteristically found on acidic 

substrates in glaciated terrain, such as in the Ogilvie Moun- 
tains (thers study Kojima 71973)) and ani the McComneliekange 
ofsthe Franklin Mountains (Bird .1974a,.sites 6,8,9, Table 
43). The only unglaciated stands of this community type are 
reported from the Plains of Abraham on chert substrate (Bird 
1974b). The interpretive question thus arises whether gla- 
Giztion: isimerely coincident with substrate attributes, or 
is an equal or more important influence on thisjplant commu- 


nity. bExamination® of other investigations will help resolve 


this question. 


The Ledum palustre - Hierochloe alpina - Cladina stel- 


laris - Cetraria nivalis association of Kojima (1973) is 
laris - Cetraria nivalis 
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Similar to the Ogilvie community in this study (Table 44). 
Vascular plant species in common include Empetrum nigrum, 
Luzula multiflora, Cassiope betragonay, Dryaspoctopetea la jand 
Vaccinium vitis-idaea. This association is described from 
well-drained north-facing slopes, with Cassiope tetragona 
occurring in late snowbed habitats. The combination of good 
drainage and snowbed moisture regime seems contradictory, 
but northern aspect and topographic position can interact 
to promote snow accumulation and late melting on otherwise 
well-drained slopes. For this reason, moisture regime of 
individual stands in this community is difficult to assess 
without observing winter and spring conditions. 

The moisture complex-gradient in this community (Fig. 26) 
is reflected in subtle shifts in species importance rather 
than (in! major compositional, differences between Stands. 
Examples include the decrease in cover values for Cetraria 
Gichanasonii, Cladonia unGialis and®C. crispate |from mesic— 
wet to drier sites (Table 22). In exposed sites the moss 
Rhacomitrium lanuginosum attains high importance WirtheAlecs 
toria nitidula, A. ochroleuca, Cetraria nigrescens and C. 
nivalis. Cassiope tetragona is most important in mesic-wet 
snowbed or polygon sites and is frequently associated with 
high species richness of the genera Cladonia and Cladina. 

The Cladina — Cetraria = Cladonial- Vaccinium — Dryas 
vegetation in this study is similar to areti oi ichen=neath 


associations in the Hudson Bay Lowlands (Table 44). Lichen- 
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FIGURE 26. Habitat relations of alpine macrolichen com- 
munities from Yukon study areas. 
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heath associations are found on more neutral-basic sub- 
Strates and exhibit reduced macrolichen species richness, in 
contrast to this community. However, intensive ecophysiolo- 
gical research in the Lowlands has shown the importance of 
peat substrate for macrolichen growth in lichen-heath asso- 
Ciations (Rouse and Kershaw 1973, Larson and Kershaw 1974, 
Kershaw 1975a, Larson and Kershaw 1976). Thus, the peat 
build=up provides similar acidic microhabits in the Lowlands. 
The increased moisture regime for macrolichens on peat layers 
is associated with increased importance of species such as 
GYedinaparbuscula, C.) rangiterina, Causte blaric,scet Lara 
nivalis and Alectoria ochroleuca (Kershaw and Rouse 1971, 
1973, Rouse and Kershaw 1973, Larson and Kershaw 1974). 

One of the distinguishing EGatures Of the Ogilvie 
macrolichen community is the importance and restricted dis- 
tribution of species in the Cladoniaceae (Figs. 18-20). 
Common occurrences of alpine Cladonia species on acidic and 
peaty substrates are described by Thomson (1967), and simi- 
lar trends are documented for woodland Cladonia communities 
(Looman 1964a, 19646, Ahti 1967, Lambert and Maycock 1968, 
Lechowicz and Adams 1974a, Kershaw 1977), The evidence 
strongly suggests greater importance of an acid substrate 
for the alpine Cladina - Cetraria - Cladonia - Vaccinium - 


Dryas community, with coincidental history of recent gGlaci— 


ation. 
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(2) Cetraria cucullata - Dactylina arctica - Cetraria laevi- 
gata 


Dryas octopetala - Astragalusaumbelleatuse- Salix arctica 


These macrolichen and vascular plant communities are 
closely correlated in the Nahoni and Ogilvie areas; the 
Knorr Range; the Richardson, Franklin and Mackenzie Moun- 
taing; mend the jPlains of; Abraham (Sites f1,3-6,9,ll-13,. Table 
43). 

Few alpine macrolichen communities have been described 
which are equivalent to this type of vegetation (Table 45). 
It is apparent, however, that high relative importance of 
Cetramoacucullata is a reliable indicaton of mesicyand snow 
bed habitats in alpine and arctic areas of the Yukon and 
NorthwestiTerritories (this study; Birds1974a, 19745) 7 Devon 
Island (Barrett and Thomson 1975), and western and southern 
Greenland respectively (Gelting 1955, Hansen 1971). 

Dryas integrifolia or D. octopetala is the most fre- 
quent vascular plant’ species. ~ Associated species and their 
relative importance values distinguish this community, includ- 
ing Salis anetlca, soe reticulata, Cassaope Letragona, Rho- 
dodendron lapponicum, Astragalus umbellatus, Arctostaphylos 
rubra, Carex misandra and C. scirpoidea. Bryophyte cover 
is also important, and common species include Hylocomium 
splendens and Rhytidium rugosum. 

As in the Cladina - Cetraria - Cladonia — Vaccinium — 


Dryas community (#1), glaciation history does not seem to 
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affect distribution of this vegetation type. Glaciated 

and unglaciated sites are almost equally represented in 
comparable vegetation data (Bird 1974a, 1974b). Also, 

the type of substrate shows no relationship to this communi- 
ty either. The main factors thus appear to be the moderate 
to high amount of snow accumulation and the mid-season time 
of melt. The soil moisture regime is the most important 
factor affecting snowbed vegetation in several other studies 
(Billings and Bliss 1959, Johnson, and. Billings.1962, Bliss 
1963, Kershaw and Rouse 1973). The widespread occurrence 

of this community in mesic sites and snowbeds seems to be 

a function of microtopography and microclimate, regardless 


of regional trends in elevation or substrate. 


(3) Thamnolia subuliformis/vermicularis -— Cetraria penaWete Es 
Dryas octopetala - Carex misandra 


The most distinctive species of this upland community 
Vee Cotrania tilesii, in: association: Wit Drvas sop. sins 
plant community is well represented in upland stands from 
the Nahoni Range and from the majority of Bird's stands 
(1974a, 1974b) in the Mackenzie, Franklin and Wernecke Moun- 
tains, the Knorr Range and the Plains of Abraham (sites 1,2, 
Be 0-13, Table 43)": 

When all substrate data from Bird (1974a, 1974b) and 
this study were compared, it became evident that this commu- 
nity consistently characterizes limestone, dolomite or 


chert substrates in dry unstable habitats, regardless of 
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glaciation history. Unglaciated sites include the Nahoni 
and Knorr Ranges; Wernecke and Mackenzie Mountains; and the 
Plains of Abraham (sites 1,2,11,13, Table 43). This commu- 
nity is also represented by ten stands in glaciated aero: 
Gfethe Mackenzie Mountains) (Sites 5, 7,107.1, 12,7etaple: 43). 

The differences between stands in the unglaciated and 
glaciated areas are qualitatively and quantitatively minor. 
Species absent from glaciated sites include Parmelia separa- 
ta and Hypogymnia subobscura, with infrequent occurrence of 
Asahinea chrysantha and Cornicularia divergens. Neither of 
the northern species Cetraria richardsonii nor Evernia per= 
fragilis are noticeably diminished in frequency or cover 
in glaciated stands. The species differences are due per- 
haps to poor dispersal, but are of minor consequence to the 
overall species composition and relative abundance values in 
the community. 

Dryas species indicating this community include both 


De integrifolia and D. octopetala in the Wernecke Mountains 


andeknorn Ranges. The latter speciessis encounteredming tie 
Nahoni Range, while all other sites ‘are characterized by 9D. 
integrifolia in glaciated and unglaciated areas. A suggest- 
ed pattern is that D. integrifolia occurs in the eastern 
ranges (e.g. Franklin Mountains), shifting to mixtures in 
the central and western Mackenzie Mountains, and then is 


replaced by D. octopetala in the western and northern Ogil- 


vie and Porcupine Mountains (e.g. Nahoni Range) extending 
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northward to the Richardson Mountains. This may be an over- 
Simplification of Dryas distribution, and the species of 
Dryas should not be predicted for this community in a given 
northern site based solely upon data presented here. 

Other northern vegetation studies from Greenland (Gelt- 
ing 1955) and the Hudson Bay Lowlands (Kershaw and Rouse Lon) 
1973) have basic-neutral substrates, yet show limited cor- 
respondence to this community. Cetraria tilesii is absent 
Promethe Alectoria nitidula = —Urvas inteqriftoliasassocia— 
tions of both other studies, and only ubiquist species are 
found in common with the Yukon community. Species in all 
three studies include Cetraria nivalis, Alectoria ochroleuca, 
Liannolia, vermicularis land) Ga ocucullatay malt souGgnerelat ive 
importance values from the two other studies do not corres- 
pond to those of the Yukon community. 

It is likely that upland vegetation from the Greenland 
and Hudson Bay Lowland studies is influenced substantially 
by local maritime climate. The correlation of macrolichen 
species composition and relative importance to Yukon uplands 
may not be as dependent upon substrate attributes alone as 
on location of such habitats in interior North American moun- 


tains where continental climate prevails. 


Nahoni Slate Outcrop Stand 
The high cover of Stereocaulon alpinum on a gravelly 


Nahoni slate coutcrop is atypical of other Nahoni or Ogilvie 
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(Kojima 1973) areas, and of other northern alpine studies 
(Bird 1974a, 1974b). Ricker (1967), however, found simi- 
lar stands while working on low alpine tundra dwarf birch 
communities in the same region of the Ogilvies as Kojima 
(1973). He describes a gravel-hummock community which 
occurs on well-drained sites with high cover of Stereocaulon to- 
mentosum. The high combined importance of Stereocaulon and 
Betula glandulosa is similar to the Nahoni slate outcrop 
area, and suggests possible misidentification of S. alpinum. 
Dwarf birch communities have been found in Greenland (Han- 
sen 1971) with Stereocaulon alvinum dominating the ground 
strata, although the distribution of this vegetation type 


ieche Yukonor Northwest. Territories needs #urtherzcocu— 


mentation. 


Nahoni Wetland Stands 
The two Nahoni stands in poorly-drained sites corres- 
pond to two associations described by Kojima (1973) in the 


North Fork Pass area. The Betula glandulosa - Rubus chamae- 


morus - Ledum palustre vegetation (Rl) is similar to the B. 
Peran ioe. - Artemisia arctica - Hylocomium splendens ssp. 
alaskanum association of Kojima (1973). In both communities 
Nephroma arcticum and Peltigera aphthosa are conspicuous in- 
dicator species. Valley bottoms in the Nahoni area exhibit 
large expanses of Eriophorum vaginatum (R2) comparable to 
the Ledum palustre - Eriophorum vaginatum - Sphagnum spp. 


association at North Fork Pass. In the Betula glandulosa 
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and Eriophorum vaginatum communities bryophytes attain vir- 
tually 100% cover, and contrast with reduced lichen impor- 
tance. 

Macrolichen and vascular olant data from Nahoni wet- 
lands were compared to other stands in the Yukon and North- 
west Tternritori cae(Bird PO74e 250 JAb Sissies F647 1912) levitaple 
43). While vascular plant communities are all dominated by 
Eriophorum spp. or Carex spp., the macrolichen assemblages 
are not as clearly delineated. The most important macro- 
lichen species in both wetlands is Cetraria cucullata (Table 
27); therefore the community distinctions are based upon 
the increased importance of Cladonia snecies in Betula 
stands, and of increased Cladina importance in Eriophorum 
stangs. This quantitative difference is not as clear in 
the other sites (Bird 1974a, 1974b) due to egually low cover 
WalWues for allumacrolichen species otherstuany C.ecuctllata. 

whe xich microhabitat Variability «in serlophorumesp = 
tussocks may partially explain the difficulty of determining 
associated macrolichen communities, although sample size in 
this and related studies are low. Dynamic aspects of water 
availability, peat accumulation, pH modification, exposure 
and shading from the tussocks are expected to account for 
much of the variability in macrolichen vegetation (Rouse and 
Kershaw 1973, Larson and Kershaw 1974, Kershaw LO Ay 

Low similarity of wetland macrolichen stands to those 


in upland communities merits more thorough investigation. 
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Higher macrolichen similarity is generally found between 
Nahoni wetlands and Picea mariana lowlands (Bird 9/7 4ay 
1974b). Common species include Cladonia amaurocraea, ce 
Dacid Jars, Cosbotrytes,, Cra cenotea, Come LOropnacas sea, 

c. coniocraea, S- cornuta,.~C aceformis, C.; gonecha, Ca pieu- 
rota, Cladina species, Nephroma arcticum, Peltigera canina 
and P. malacea. These species can be considered as Boreal 
Forest outliers, or species which were possibly associated 
with an. advancesof. forest over: the tundra about..1,000s years 
ago (Thomson 1972). The community similarity between alpine 
and boreal wetlands suggests that the wetland habitat over- 
rides other factors such as glacial history, type of mineral 


substrate or elevation. 


Alectoria ochroleuca Communities 

An important variant of northern alpine upland vegeta- 
tion is that dominated by Alectoria ochroleuca. “Dominance 
O£ A. ochroleuca is reported from stands in the McConnell 
Range, the Plains of Abraham and the Richardson Mountains 
(Bird 1974a, 19745), although it was not aS important an 
Nahoni or Ogilvie, sites in this study. Cetrariraycucullata 
is found as a secondary species along with species of the 
C. cucullata - Dactylina arctica - C. laevigata community 
and additional species Cladina arbuscula, C. mitis and C. 
stellaris. The relative importance of Cladina species in- 
dicates a relationship to the Cladina arbuscula/mitis - 
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community. 

No relationship between substrate or glaciation history 
is,evident.in the distribution of the Alectoria ochroleuca 
vegetation based upon Bird's data. In regard to moisture re- 
gime, Kojima (1973) has included this species in a designa- 


tion with Arctostaphylos rubra and Cornicularia divergens 


for dry ridges in the Ogilvie Mountains. Alectoria ochro- 
leuca is also characteristic of exposed ridges in lichen 
heath on the Hudson Bay Lowlands (Kershaw and Rouse 1973). 
Associated plant species in the Mackenzie and Richardson 
Mountains span a moisture gradient from dry sites with Rha- 
comitrium lanuginosum, Dryas integrifolia, and D. octopetala, 
POeWetter | Nabitets with Vacciniumeviltis-ldace, peu agglans 
dulosa and Cassiope tetragona. 

The limited data suggest that there may be regionally 
distinct communities characterized by Alectoria ochroleuca. 
This species exhibits a very broad habitat response pattern 
imeboth study veqvons (Fig. 15,07) owichehagiest cover in 
mesic-dry sites with basic substrates, and frequent occur- 
rence in other habitats (Kershaw and Rouse 1973, Kojima 1973, 
Bird 1974a, 1974b, Larson and Kershaw 1975b, LOTS Cyr 

Recent physiological investigations have shown that net 
photosynthesis in A. ochroleuca varies intraspecifically in 
Dlants from different geographic locations but does not vary 
in plants from a local topographic gradient (Larson and Ker- 


ehaw 19755, 19/50) Le lsethetertore possible that the 
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differences in vegetation associated with this Species may 


reflect the distribution of its physiologically distinct 


populations. 


SUMMARY AND CONCLUSIONS 


Alpine macrolichen vegetation was studied in Cordilleran 
regions in west central Alberta and north central Yukon Terri- 
tory. The four study areas included Prospect Mountain and 
the Divide in the Mountain Park region, Alberta, and the 
Nahoni Range and Ogilvie Mountains in the Yukon. 

Macrolichen species were more important in the Yukon 
Study areas in terms of increased cover, species richness (S) 
and overall diversity (H'). Values for species evenness (J) 
were not significantly different between the four study areas, 
indicating that increased species richness does not affect 
trends in habitat utilization by different species. Within 
regions, evenness values varied with different moisture re- 
gime. Lowest evenness was found in mesic-wet sites and in 
extremely dry, depauverate stands, while highest evenness 
occurred in well-vegetated upland sites in all areas. 

Population response patterns for macrolichen species 
elucidated the following ecological grouvs in both regions 
which were related to a’ complex-gqradient of substrate pl: 

(je ubiguists-: (2)ecommon onsacidic substrates; (3) exclu- 
sively on acidic substrates; (4) common on both substrates; 
(5) common on basic substrates; and (6) exclusively on basic 
substrates. Species in the ubiquist group from each region 
were comparable, while most other species shifted in breadth 
of distribution over moisture and substrate gradients. This 
was partially due to the prevalence of dry, basic substrates 
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in the Alberta region. The most significant regional differ- 
ence in response patterns was the large group of Yukon spe- 
cles which were svecialized on acidic substrates and were 
most frequent or were restricted in Ogilvie sites. The high- 
est importance of these species corresponded with lowest im- 
pertance-OL-reqironal—ubtquist species, 

Macrolichen species groups were also examined in each 
region through the use of ordinations and were found to be 
related to both moisture and substrate pH complex-gradients. 
Three macrolichen communities were delineated in the vegeta- 
tion of each region by grouping similar stands.~ Communities 
were also designated for vascular plant data, and the two 
plant grouvs were compared. 

MaCcroli chen commun Ut tess ronpAloerta sie ore brome nereas = 
Inq Moisture and increasing Ssubstbate acid Cys coo el eeCeta 
Carla cucultlata —  lhnamnolla Subuli rormisn Cetrarlargul tool: 
(2ircetraria erlce onum —Ceelanla Cucl mate == mee lil gerauer UT 
fescens; and (3) Peltigera aphthosa - Stereocaulon alpinum. 


The vascular plant communities also follow these gradients: 


(Mevrvac intedritolia = Carex TUupeStLisos(2). UryYas anlegri= 
folta Oxyeropis podocarpa - salix Nivalispe(3) Dryas uinted= 


vrifolia - Hedysarum alpinum - Androsace chamaejasme; and 
Salix nivalis - Artemisia norvegica. There is a sequential 
overlap of vascular plant and macrolichen vegetation which 


results in partial correlation of these designations along 


complex-qradients of substrate pH and moisture. 
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In the Yukon data, the macrolichen communities are 
ranked in order of decreasing substrate acidity: (1) la 
dina _arbuscula/mitis - Cetraria nivalis = Cladonia coccifera/ 
metacorallifera; (2) Cetraria cucullata - Dactvlina arctica - 
Cerrarita idgevlocta. and (3) Thamnolia subuliformis/vermicu- 
taris = Cetraria tilesii. Moisture recime= To =varlablevan= the 
first community, and arades from mesic-wet in the second, to 
dry in the third community. These communities corresvond to 
the following vascular plant communities: “(1) "Vaccinium 
vitis-idaea - Dryas octopetala; (2) Dryas octopetala - Astra- 
galus umbellatus —* Salix arctica: and (3) Drvas = octoperala— 
Carex misandra. 

Communities were compared with those of other studies in 
order to evaluate environmental factors in relation to vegeta- 
EQrOnN a_stribution=pacterns. 

Macrolichen communities in Alberta are Similar in the 
region from Mountain Park and Jasper National Park south to 
Waterton, -and=i1n Co-Monvana.——Specleicd 7 .tieuCelleanvarcu- 
cullata - Thamnolia subuliformis - Cetraria tilesii communi- 
Cyettly WS cCharacterictic Of dLy Upland Nabitaton wi tiasee 
substrate oH. Such environments can be found in the Front 
Ranges extending south to mountains in Montana. 

The second community, Cetraria ericetorum - Cetraria cu- 
Cullata - Peltigera rufescens is represented in several al- 
pine vegetation studies of Main Range areas. It is most fre- 


quently associated with upland Drvas spp. communities. This 
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community has higher importance of Cladonia and Cladina 
Species in Main Range than in Front Range areas. 

The Peltigera avhthosa - Stereocaulon alpinum community 
(#3) is documented from few comparable vegetation types in 
the Main Ranges. The limited extent of suitable snowbed 
habitat in the study areas is responsible for the depauperate 
nature of this vegetation. The most similar community is 
described from Jasper National Park, but the regional dis- 
Biers Seherwara Glew ogee. Jager ssn 

In the Yukon, a distinct macrolichen community occurs 
in the Ogilvie area over a wide range of moisture regime. 
This Cladina arbuscula/mitis - Cetraria nivalis - Cladonia 
coccifera/metacorallifera community (#1) is-also found in 
the Franklin and Mackenzie Mountains as well as in the Hud- 
son Bay Lowlands. These communities are consistently asso- 
ciated with low substrate dH. 

The Cetraria cucullata — Dactvlina arctica - Cetraria 
laevigata community (#2) is found in the Knorr Range, the 
Ogilvie, Richardson, Franklin and Mackenzie Mountains, and 
is encountered in both Nahoni and Ogilvie study areas. 
Similar vegetation aiso occurs on Devon Island and in west- 
ern Greenland. This type of vegetation is strongly corre- 
lated with mesic sites and snowbed habitats. Distribution 
of the community thus reflects the habitat distribution in 


alpine environments. 


Dry upland habitats in the Nahoni study area are 
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characterized by the Thamnolia subuliformis/vermicularis - 
Cetraria tilesii community (#3). It also occurs consistently 
on limestone and dolomite in the Knorr Range, Wernecke and 
Mackenzie Mountains. The strong correlation of this upland 
community with basic soil pH sugaests that this type of 
mineral substrate determines the macrolichen vegetation. 

The general distribution trends of all “communities were 
related to environmental complex-gradients such as moisture 
and substrate pH. The results indicated that glaciation his- 
tory alone does not explain macrolichen vegetation distribu- 
tion in the Canadian Cordillera. Investigations of indivi- 
dual macrolichen species distributions confirmed that wide- 
spread dispersal has obscured the boundaries between past 
refugia and glaciated regions. 

The question remains of why macrolichen importance and 
Giversity 1S) sionifvcantly higher 2n Che noreiems Cord: Flora: 
The proximity of northern areas to past unglaciated regions 
may, of course, be involved. However it is sugqested that 
the microhabitat factors in the southern Rocky Mountains are 
unsuitable for species currently restricted to northern Cor- 
dilleran areas. The resolution of this question will require 
intensive examination of macrolichen physiology. 

Alpine macrolichen vegetation has been outlined for 
certain northern and southern Cordilleran regions, yet no in- 
formation is available for intermediate mountain areas. The 


correspondence of macrolichen and Vaschlareplant data to 
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environmental factors in this study are considered to be 
Suitable for predictive purposes in such uninvestigated 


regions. 
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APPENDIX A, Macrolichens encountered in the Yukon and 
Alberta studysareas: “Nahoni ({(N), Ogrivie (0); 
Brospect #(B)s and -Divide (D). 


ASCOMYCETES: PDNO 
Collemataceae 

Leptogium saturninum (Dicks.) Nyl. ++-- 
Pannariaceae 

Psoroma hypnorum (Vahl) S.Gray —+++ 
Peltiqeraceae 

Pettigeravapnthosay (@.)ewilld. soe 
Pre Caninmar (Ll. ewer tds sate 
P.. malacea (Ach.) Funck Bee a 
P.. pulverulenta (Hook.) Nyl. arts 
P. rufescens (Weis.) Humb. tats 
Re SOUET a w(Ach..)..DC. igs 
Nephroma sarctzcum4(L.) Torss. SE a 
Wo expalLridumsn(Nyl.)) Nv. +++- 
SOLO eamatCroceae (iy aaieus gist 
a. SUDs +++4+ 
Stictaceae 

bobartauliniétay (Ach.)».Rabh. —~--+ 
stereocau baceae 

Stereocaulon,-aloinum Laur. ++4++ 
S. rivulorum Magn. -+-- 
Cladoniaceae 

Cladina aberrans (Abb.) Hale & W.Culb. j mat 
G@) arbuscula miWadlr.) Hale & WoCulb- —-—++ 
Gy mieiss (Sandst>) Hale & W..Culb. — +++ 
@. Gelgrierina.(L.) Harm. —-++ 
&. stellanis.(Opiz) -Brodo —--++ 
Cladonia amaurocraea (Fl6Grke) Schaer. -—-4++4+ 
Geioe Uidi SlLorabiAchwinsSchacr. —---+ 
C€. chlorophaea (Florke) Spreng. --++ 
Go coceiteta (h.), Willd. te 
Go. -COrntica alife), Hotine ———+ 
G aoutspata «(Act .) eRlots ---+ 
G. ecmocyna (Ach.) Nyl. —+4++ 
G..-qonecha ; (Ach...) .Asah. ——++ 
CG. graci bisa (ae) Willa: -+++ 
Ga macropnyllas(Schaers) sStenham —--++ 
C. macrophyllodes Nv. aes 
G.. metacorallifera -Asah. —--++ 
C. phyllophora Hoffm. enn 
@ noc! ims (Ach ae sRaGh. +++- 
Gagoyxidata (L.) Horim. eipiy 
Gmeuiicra.es ae ) Wigg. Sees 
Umbilicariacea 

Gabiiicsris oylindrica GSR) NE, —+-- 
U. hyperborea (Ach.) Ach. “atest 
We bambasien Lms hi. ears 
U. phaea Tuck. oe a 
U. proboscidea (L.) Schrad. wefan 
LVL iS woGhae i. raed 
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APPENDIX A. CONTINUED. 


Lecanoraceae 

Lecanora chrysoleuca (Sm.) Ach. 
Parmeliaceae 

Asananeascnrvysantha (Tuck.} W.Culb. & C.Culb 
Pome couOLlanderi (lane). WrCulb & ClCculD. 
Setrarrascommixtal (Nvl.) Th.Er: 
Crecucy Liata =(hel lis Aen. 

Cagle lise: (Bory ex Schaer.)  Th.'fr- 
ericetorum Opiz_ 

hepatizon (Ach.) Vain. 

tS landieq (L.) Ach. 

laevigata Rass. 

nigricans (Retz. Nye 

Tee ese (is) Ae. 

Petes te hn oC Coes to. Gina y 
richardsonii Hook. 

Cees i i eACH 

Hypogymnia oroarctica Krog 
Hi-physedes (L.).W.Wats. 

H. subobscura (Vain. Poelt 
Parmelia almaquistii Vain. 
PCO rr id. Giac) ACh 

Pee LOEOChrOd a luck. 

Peon na OdeSa, (ls) ACh. 

Pepa LOLuMiLa. (NyiL.) s Valine 

Pe 

Lo 

2s 


OO e Ae Oe @ 


Saxatilis (L.) Ach. 

separata Th.Fr. 

sulcata Tayl. 
P. taractica Kremp. 
P. wyomingica (Gyeln.) Hale 
Usneaceae 
Mlectoria chal yoei tormisy (Gu. 4 o.Gray 
A. minuscula Nyl. 
Aen gri1cans. (Ach...) Nyl. 
Weetlorcule: (lib bh.) Vadits 
A. ochroleuca (Hoffm.) Mass. 
A. pubescens (L.) R.~H.Howe 
Cormicularta aculeata, (Schreb.) Ach. 
C. divergens Ach. 
Dactylina arctica. (Hook.) Nyl. 
D. ramulosa (Hook.) Tuck. 
Evernia perfraqgilis Llano 
Thamnolia subuliformis (Ehrh.) W.Culb. 
to svermicularis (Sw.) Ach. ex Schaer. 
Physciaceae 
Physcia constipata (Nyl.) Norrl. & Nyl. 
Physconia muscigena (Ach.) Poelt 
Verrucariaceae 
Dermatocaroon intestiniforme (Korb.) Hasse 
Sphaerophoraceae 
Sphacrophorus globosus (Huds.) Vain. 
BASIDIOMYCETE 
Tricholomataceae 


Coriscium viride (Ach.) Vain. 


Zo 


= - 
An (une): ows 


diced.) « .die®.W (.ttowt) stdne 
ii#?.9 8 dfeo.W tonpld . Lone. 
vee C.1vey Bde: ND at 

2%, a? 4. xen28 xe ea) eal 


sfqd miu'r03 #2 ; 
oisv ts AoA)” Mould “vt 
pod (at) a ibaatel 

-2een Santer 

ivi (.sd0%) 

cet, | he igiea is 2: 
vaxD.2 (.@008) trgraciq— es 
aaan iinoebhrentsia at 

‘ fon biaerts fi 
‘pow so ito reo106 arorypSe 
.2364.0 (0) eeboavdg 3 
flow (aiev) s1rpadodye 
nis! &£igaibomls at thee 
oA 10h Foigae Pepe tt 
ou? sotdsoxolfio’ 
ing (,d) esholetgnd 
kev (.f¢u) sleet lege: 

MOA (13) eR cjpuse’ so. 

et ft -egesgade 7 
.tvet spooloe st 
-Om3A BOEIVSETSS 5 T »' 
elati (saloyo) goipaimoyw 2 


. epqueoney 2 
yoru.2 (2) Leto? ee 6 2 5 . 


ff epi 18 al : 


siya’ ¢. say enpoizé2a a 2 
.aie¥ (. 9% AT) stdbz in 
sea¥ ‘ match} soyeloait 5 


> 


: u 


a 
Me 


A 
: a 


© hd 
a ‘aia di vous 
iout 


Siero MW (26th i siasorhiv 
-TaasD8 xe mee" 


ivi a Fy ie {.£ 


APPENDIX B. Vascular plants encountered in the Yukon and 
Alberta study areas: Nahoni (N), Ogilvie (0), 
PrOSpectm(P), «and: Dividers D) 


Equisetaceae PDNO 
Equisetum scirpoides Michx. SEA ey 
Lycopodeaceae 
Lycopodium clavatum L. ges 
lm Seliagorls. eet 
Gramineae 
Bromus inermisS var. pumoellianus (Scribner) -+-— 
Wagnon 
Calamagrostis purpurascens R.Br. Geta wate 
Elymus innovatus Beal Taha 
Festuca baffinensis Polunin Bron te 
Fe, OVinenvar.g@brevitolia (R. Br.) Watson ge 
Hierochloe alpina (Sw.) Roem. & Schult. Se are 
Poa spp. 444+ 
TeusecumaspLeatume(in) Richt. Ta 
Cyperaceae 
Carex atrosquama Mack. Aaa 
Cee.capiislaris) Lt gin sas 
Ce.smacrochaeta C.A.Mey. ---+ 
C. membranacea Hook. ——+- 
Gearicrochacta Holm — +4 
Ciemi sandra, 2. Br. +—++ 
Gia nardina Fries ++-- 
Ge cedeminssp ewiriduleaw(Michx.) Hult. —-+- 
C. petricosa Dewey fee 
Ge “rupee sie iSeeAul Le +4++- 
GG scirpoideal-Michx. --+- 
Eriophorum vaginatum L. --+- 
Kobresmae bel lardiin<Adi.). Deg. +++- 
K. Simpliciuscula (Wahlenb.) Mack. +--- 
Juncaceae 
lugubasmultiflora (Retz.) le}. —-++ 
Liliaceae 
Tofieldia coccinea Richards. --+- 
Toisas ageuia Chx.) Pers. +--- 
zygadenus elegans Pursh Spee 
Salicaceae 
Salix alaxensis (Anderss.) Coville f—4+— 
Si ancuncashal J. eae 
S. drummondiana Barrett +--- 
S. glauca’ L. aoe 
S. interior Rowlee = eee 
S. nivalis Hook. fag ie 
S. phlebophylla Anderss. an fm 
Se. reticulata, 1. ert 
Sy vesizital Pursh emacs 
Betulaceae 
Betula glandulosa Michx. ++ 
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APPENDIX B. CONTINUED. 


Polvaonaceae 
Poiyoqonumebistorta i. 
Ro wi mapa rume lL: 
Caryovhvllaceae 


Cerastrium beeringianum Cham. & Schlecht. 
Lychnis apetala L,. 


Minuartia arctica (Stev.) Aschers. & Graebn. 


M. .austromontana Wolf & Packer 

M. elegans (Maguire) Wolf 

Ma rossiAasdtRabre) “Gracbn . 

M. xubella (Wahlenb.)' Graebn. 

M.  Sajanensis (Willd.) Wolf 
Silene acaulis L. 

Stellaria laeta (Richards.) Wats. 
DL mona n tira ules 

Ranunculaceae 

Aconitum delphinifolium Dc. 
Anemone narcissiflora L. 

Sey Dacvit lonaaMitchs: 

Delphinium brachycentrum Ledeb. 
Trollius* albiflorus \(A:Gray) ‘Rydb. 
Papaveraceae 

Papaver macounii Greene 
Cruciferae 

Arabis drummondii Gray 

Cardamine bellidiflora lL. 

C. purpurpea Cham. & Schlecht. 
Draba incerta Payson 

Do elonchocarne IRydb; 

D. oOligosperma Hook. 

D. porsildii G.A.Mulligan 
Lesquerella arctica (Wormsk.) S.Wats. 
Parrya nudicaulis (L.) Regel 
Smelowskia calycina (Stephan) C.A. Mey. 
Crassulaceae 


Sedum*nosea as. ) (iSecop.. 
S. stenopetalum Pursh 
Saxifragaceae 


Boykinia richardsonii (Hook.) Gray 
Chrysosplenium wrightii Fr. & Sav. 
Saxifraga aizoides L. 

S. caespitosa L. 

davurica Willd. 

flagellaris Willd. 

hieracifolia Waldst. & Kit. 
THA ee. Sele 

oppositifolia L. 

punctata lh. 

SearpyulL LOM, Sees 
tricuspidata Rottb. 
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APPENDIX B. CONTINUED: 


Rosaceae 

Dryas integrifolia M.Vahl 

De roOGtropeta la Vir. 

Geum glaciale Adams 

Ge erOssii® (RRs) Ser, 

Potent. flat bitlora Willd. 

Retdiversi fol a~tehm. 

PAL CUtVCos art. 

Pe. manveana,., 

Rubus chamaemorus IL. 

Sibbaldia procumbens L. 

Leauminosae 

Astragalus aboriginum Richards. 

AavoLpa nus Ue 

A. umbellatus Bunge 

Hedysarum alpinum L. 

Hemackenzia" Richards. 

Lupinus’ arcticus’ S:Wats* 

Oxytropls® Campestris (L.) DC. 

O. maydelliana Trautv. 

OQueamvoaorescens (Palli) Risch. ssp. bryophila 
(Greene) Hult. 

O. podocarpa A.Gray 

O. viscida Nutt. var. viscida Barneby 

Empetraceae 

Empetrum nigrum L. 

Pyrolaceae 

Pyrola asarifolia Michx. 

P. grandiflora Radius 

Ericaceae 

Andromeda polifolia L. 

Arctostaphylos rubra (Rehd. & Wilson) Fern. 

Cassiope tetragona (L.) D.Don 

Ledum palustre L. 

Phyllodoce empetriformis (Smith) D.Don 

Pavobandwl tfera -(Hook®) ‘Covrile 

Rhododendron lapponicum (L.) Wahlenb. 

Vaccinium uliginosum L. 

Vin UlvoGinosum LY @ssp. microphyllum Lange 

V. vitis-idaea L. 

Primulaceae 

Androsace chamaejasme Host. 

A. septentrionalis ih. 

Dodecatheon frigidum Cham, & Schlecht. 

Gentianaceae 

Gentvana propingua (Richards.) J.M-Gilletet 

Gueprosttata Haenke 

Boraginaceae 

Eritrichium chamissonis DC. 

Mertensia paniculata (Ait.) G.Don 

Myosotis alvestris Schmidt 
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APPENDIX B. CONTINUED. 


Scrophulariaceae 

Castilleja hispida Benth. 

C. hyperborea Pennell 
GauminvatasDoud]) . 
Cyeccetdentalis Torr. 

Lagotis* clauca-Gaertn. 
Pedicularis capitata Adams 

P. flammea L. 

P. groenlandicum Retz. 

P. lanatasCham. & Schlecht. 

P. sudetica Willd. 
Lentibulariaceae 

Pimeulculeae vulgaris (4. 
Valerianaceae 

Vac ntaneagcapitategrall. 
Campanulaceae 

Campanula lasiocarpa Cham. 
eeLOcunaLro.. La ls. 

Camtnitlora’ i. 

Compositae 

Antennaria alpina (L.) Gaertn. 
A. lanata (Hook.) Greene 

A. monocephala DC. 

A. umbrinella Rydb. 

Arnigeavadl pina, (L.) Olan 

AY fxrigida, G.A.Mey. 

Artemisia norvegica Fries 
Aster alpinus, L. 

Chrysanthemum integrifolium Richards. 
Erigeron grandiflorus Hook. 

ES humilis Grah. 

E. larnatus Hook. 

E. peregrinus (Pursh) Greene 
E. radicatus Hook. 

Saussureae angustifolia (Willd. ) (DC. 
S.- densa (Hook.) Rydb. 

Senecic atropurpureus (Ledeb.) Fedtsch. 
S. lugens Richards. 

S. yiekonensis* Pors® 

Solidago multiradiata Ait. 
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APPENDIX C. Values for macrolichen cover, species richness 
(S), evenness (J), and diversity (H') in Al- 
berta and Yukon stands. 


COVER 
Prospect Substrate Unit Divide Substrate Unit 
Stang. evec. Strive Stand _vea. stripe 
1 Asie HEE e209 1 Si) ateites 1 0 
2 5.40 re 2 Shae he 4.14 
3 Sens eid 3 53.04 = 
4 HA e.9 6 ee 4 26.06 rh Gs 
5 Ja Sesisy]) ely) 5 61.80 6.80 
6 SOS oy 2.74 6 127,45 = 
i 16.90 - 
8 26.02 dO: 32 Nahoni 
5 43.90 e748 1 Sicha sak 14,24 
10 VOLTA ATG 2 Gate = 
JES 38.44 Gee 3 Te SN Wee 2 
4 69.49 = 
Og tiv ze 5 53 On = 
1 BGa27 20.04 6 57200 43.06 
2 WF les ae S| = 7 43.63 DOr 
3 he aeans: = 8 60.45 24.11 
4 3 ap oal = o 54.06 Rey 7S) 
5v 49.03 = 10 50293 re U6 
5b 43.30 - Ia 5O oD isye she, 
5c sess Th = 12 (aye ee th 2 ao 
6 64.03 = 13 603 = 
"] AD sah = 14 5 Gel - 
8 SPMAS I = L5 lao 25 wie 
Rl AD AS - 
R2 43.00 = 
ee ee ee eS 
SPECIES RICHNESS 
Prospect Divide 
eens |) BA 1 Pail ks) 
2 8 6 2 14 1 
3 5 4 5 9 3 
4 10 8 4 7 6 
5 9 3 3) ies) Ish: 
6 13 8 6 18 = 
y 8 om 
8 an 8 Nahoni 
9 ual 12 1 14 13 
10 18 12 2 18 . 
11 14 ihe) 3 17 13 
4 23 a 
5 IP) = 
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BPPENDEX CY (CONTINUED: 


SPECIES RICHNESS 


Ogilvie Substrate Unit Nahoni. Substrate Unit 
Stand veq. stripe Stand vea. stripe 
1 26 2m 6 20 16 
2 2) - if 15 iL) 

Ss) Avy; ~ 8 19 18 
4 ifs) = 9 19 12 
5v 19 - 10 ou i3 
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